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PROTECTIVE  COATINGS 


Bv  Walther  Riddle* 


Nature  is  at  work,  ceaselessly,  keeping  up  her  cycle  of 
changes,  and  the  engineer,  after  completing  any  structure  or 
machine,  is  perforce,  called  upon  to  defend  his  work  against 
what,  long  ago,  was  broadly  defined  as  “Moth  and  Rust.” 

The  general  definitions  formerly  employed  to  distinguish 
paints,  varnishes,  enamels,  etc.,  from  one  another  have  become 
obsolete  in  many  ways.  The  fences  are  down  and  the  flocks 
from  one  “preserve”  may  go  over  into  the  others. 

The  definition  given  by  Thorpe  and  others  in  which  paints 
are  “Colored  compositions,  usually  liquids,  which  can  be  ap¬ 
plied  with  a  brush  to  suitable  surfaces,”  was  long  the.  accepted 
one. 

For  a  varnish:  “A  fluid  of  varying  consistency,  which 
when  applied  in  a  thin  coat  to  the  surface  of  a  solid  body, 
dries  eventually  to  a  film  of  more  or  less  harduess,  lustre  and 
impermeability  to  air  or  moisture.” 

Again,  “Enamels  are  decorative  paints  of  brilliant  colors, 
yielding  smooth  and  lustrous  coatings.” 

A  varnish  is  essentially  a  mixture  of  oils,  gums  and  thin¬ 
ner,  with  something  added  to  accelerate  the  drying  of  the  oil. 
A  paint  is  essentially  a  mixture  of  oils,  pigments  and  thinner 
with  a  suitable  “dryer”.  But  a  pigment  may  be  added  to  a 
varnish,  and  gums  may  be  put  into  paints,  so  we  therefore 
retire  behind  the  term  “coating”  and  use  that  preparation, 
whatever  be  its  name,  which  will  best  protect  and  perhaps 
beautify,  the  object  upon  which  it  is  spread. 

The  great  and  real  purpose  of  a  coating  is  to  exclude 
moisture  and  air.  Without  moisture  the  oxygen,  carbonic  acid, 

Address  of  Retiring  President.  Presented  at  the  Annual  Meeting  of  the 
Society  January  16th,  and  published  in  the  February,  1912,  Proceedings. 

♦Vice  President,  Sterling  Varnish  Company,  Pittsburgh. 
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and  other  gases  in  the  atmosphere,  do  not  work  readily  to  de¬ 
stroy  the  iron  and  steel  of  buildings  and  machinery. 

With  wood  there  may  be  destructive  action  going  on  in¬ 
side,  due  to  fermentation  where  sap  still  remains,  and  unless 
it  be  thoroughly  dried  the  application  of  a  coating  is  wasted 
effort  so  far  as  the  preservation  of  the  wood  is  concerned. 

In  coating  iron  or  steel  the  surface  should  be  clean  and 
dry  before  anything  is  applied.  This  is  a  point  which  cannot 
be  too  often  repeated,  for  if  the  metal  has  already  started  to 
disintegrate,  why  attempt  to  deceive  ourselves  by  masking  its 
destruction  underneath  a  coating  through  which  we  cannot  see? 

Should  the  preparation  of  the  surface  be  neglected,  the 
metal  will  itself  attempt  to  protest  by  pushing  away  the  coat¬ 
ing  to  show  us  its  wounds.  If  we  have  opponents  in  front  of  us, 
we  can  make  our  plan  of  battle  to  some  purpose.  To  fight 
both  ways  has  ever  been  a  discouraging  form  of  warfare. 

Another  point  to  be  watched  is  that  the  placing  of  one 
type  of  coating  upon  another  may  bring  about  an  inter-reaction 
which  will  perhaps  destroy  both.  Thus,  I  have  seen  a  coal-gas 
tar  paint,  which  by  itself,  would  do  its  work  well,  but  when 
placed  over  an  oil  coating,  dissolved  and  combined  with  the 
latter  to  form  a  sort  of  “porridge,”  which  could  be  entirely 
rubbed  off  by  the  hand. 

The  various  engineering  societies  are  at  work  standardizing 
specifications  for  mixing,  and  for  the  application  of  coatings. 
This  work  is  much  complicated  especially  in  our  own  country, 
by  the  extremely  variable  climatic  and  atmospheric  conditions. 

A  pigment  which  may  be  the  proper  one  in  the  higher  in¬ 
land  districts,  is  found  utterly  inadequate  upon  the  coast. 
Again,  that  which  is  good  for  the  farm  wagon  may  not  be  at  all 
suitable  for  the  overhead  signal  bridge  of  the  railroad,  exposed 
to  flying  cinders  and  sulphurous  fumes  from  locomotives. 

The  varnish  which  is  serving  well  upon  the  furniture  in 
this  room  would  soon  become  discouraged  upon  the  leads  of  a 
street  railway  motor  where  flexibility  as  well  as  resistance  to 
dust  and  moisture  are  necessary. 

In  any  coating  which  has  an  oil  base,  the  choice  of  the  oil 
is  of  particular  moment.  The  principal  oils  of  commerce  which 
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can  be  classed  as  drying  oils,  that  is  those  which  when  spread 
in  a  thin  layer,  take  up  oxygen  and  become  solid  are :  Linseed 
Oil,  China  Wood  Oil  and  Soya  Bean  Oil.  I  firmly  believe, 
other  things  being  equal,  price,  source  of  supply,  uniformity, 
etc.,  that  linseed  oil  is  by  far  the  most  satisfactory.  The  real 
reason  for  the  agitation  in  favor  of  using  other  oils,  has  been 
the  very  high  price  of  linseed  oil  during  the  last  year  or  two. 

China  Wood  oil  is  crushed  from  the  seeds  of  two  oriental 
plants.  Aleurites  Cordata  and  Eloccacea  Vernica.  It  has  a 
specific  gravity  of  0.937  to  0.940,  *and  a  solidifying  point  of 
about  — 13  deg.  Cent.  Its  color  is  brownish  yellow,  and  it  has 
a  very  characteristic  and  persistent  odor.  In  the  laboratory  it 
may  be  distinguished  from  linseed  oil  by  the  fact  that  with 
nitrous  acid  it  forms  a  semi-solid  substance. 

Much  is  claimed  for  Soya  Bean  oil,  and  it  is  in  many  re¬ 
spects  a  good  oil  for  coatings,  but  it  is  always  compared  to 
linseed  as  the  standard  which  on  its  face  should  be  a  convincing 
argument  that  linseed  oil  still  occupies  the  position  of  honor. 
A  sample  of  Soya  Bean  oil  which  recently  came  under  my  ob¬ 
servation,  had  a  specific  gravity  of  0.928.  A  color  reminding 
one  of  crude  petroleum,  although  lighter.  It  had  the  latter’s 
fluorescent  appearance  when  the  light  struck  it  and  was  not 
very  clear.’  It  had  no  rapid  tendency  to  dry  when  in  a  thick 
layer,  but  spread  out  thinly  with  a  little  manganese  dryer 
giving  a  rather  good  coat.  It  contains  about  25  percent  of  free 
acid.  In  China  and  Japan  it  has  long  been  used  in  making 
lacquer  and  also  in  the  kitchen  for  cooking  and  at  times,  I 
understand,  for  purposes  for  which  we  use  olive  oil.  It  is 
pressed  from  the  seeds  of  the  Soja  Hispida.  Many  investi¬ 
gators  are  at  work  upon  its  chemistry  at  the  present  time  and 
with  their  help  we  may  have  a  rival  for  linseed  oil  in  time. 
At  the  present  writing  the  conditions  in  the  far  East  are  inter¬ 
fering  somewhat  with  deliveries. 

As  it  comes  to  the  consumer  the  raw  linseed  oil  of  commerce 
has  a  specific  gravity  of  about  0.935  at  60  deg.  Falir.  Its  color 
is  a  golden  yellow  when  olear,  slightly  tinged  with  green  from 
the  chloroplyl  of  the  flax  plant.  It  has  a  not  unpleasant  taste 
and  a  smell  which  reminds  one  a  little  of  refined  New  Orleans 
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molasses.  Any  considerable  admixture  of  another  single  oil  for 
purposes  of  adulteration  will  be  shown  in  the  specific  gravity. 
A  mineral  oil  will  make  it  too  light  and  rosin  oil  or  rosin  will 
make  it  too  heavy.  A  carefully  made  mixture  of  both  might 
be  used  without  changing  the  gravity.  However,  the  large 
crushers  being  in  a  very  considerable  and  staple  business,  will 
not  descend  to  such  methods.  A  little  oil  rubbed  in  the  palm 
of  the  hand  and  then  smelled  will  generally  give  a  good  deal 
of  information  to  the  trained  nose.  In  many  parts  of  the 
world  other  crops  are  grown*  with  or  near  the  flax  and  the  seeds 
from  these  may  be  carried  along  to  the  presses  and  thus  affect 
the  oil.  Such  contamination  is  accidental  and  does  not  obtain 
to  any  large  extent  in  this  country. 

The  most  important  property  of  linseed  oil  is  its  power  to 
take  up  oxygen  from  the  air  to  form  a  skin.  This,  drying 
action  has  interested  the  chemist  for  many  years  and  I  shall 
refer  a  little  later  to  an  experiment  which  throws  some  light 
upon  the  subject.  For  some  years  there  has  been  dissatis¬ 
faction  expressed  in  regard  to  raw  linseed  oil.  "While  it  is  the 
best,  and  for  many  purposes  the  only  oil  to  use,  it  is  a  somewhat 
different  product  from  the  oil  of  30  or  40  years  ago,  and  this 

has  led  manv  to  assume  adulteration.  The  chief  source  of  this 
€/ 

difference  is  the  desire  of  the  crusher  to  obtain  as  much  oil  as 
possible  per  pound  of  seed.  The  pressure  has  been  increased 
and  instead  of  the  crushing  operation  being  undertaken  cold, 
the  seed  is  saturated  with  steam  and  the  apparent  yield  is 
increased.  The  flax  seed,  however,  contains  but  a  certain  cjuan- 
tity  of  oil,  and  the  increase  is  not  oil  but  as  mucilaginous  matter 
which  should  have  remained  in  the  press.  This  mucilaginous 
matter  or  “ Foots  and  Mucilage,”  as  it  is  termed,  is  rather 
highly  soluble  in  water  and  when  the  oil  containing  it  is  used 
in  coating,  the  film,  of  course,  contains  this  soluble  matter. 
When  rain  comes  in  contact  with  a  coating  containing  this 
soluble  ingredient,  it  gradually  dissolves  awray  and  minute  flaws 
occur  in  the  coating  through  which  air  and  moisture  enter,  and 
the  destruction  of  the  material  coated  begins. 

Long  storing  and  filtration  will  help  to  purify  the  oil,  but 
these  experiments  are  usually  not  sufficient.  The  manufacturer 
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should  put  his  oil  through  some  process  to  completely  remove 
the  source  of  trouble  and  leave  an  oil  which  will  thoroughly  dry 
and  form  an  unbroken  film  when  applied.  The  time  and  the 
care  spent  upon  the  raw  materials  are  what  count  for  success 
in  any  manufacture  and  are  particularly  necessary  in  the  pro¬ 
duction  of  preservative  coatings.  In  order  to  ascertain  what 
takes  place  when  oil  dries,  whether  the  reaction  is  the  simple 
addition  of  oxygen  from  the  air  or  of  a  more  complex  nature, 
we  undertook  some  years  ago  to  follow  the  process  with  great 
care.  A  carefully  weighed  body  of  oil  was  placed  in  a  container 
and  a  constant  current  of  air  passed  through  it.  The  air  was 
analysed  before  and  after  contact  with  the  oil.  Absorption 
apparatus  was  set  up  to  make  determinations  of  the  oxides  of 
carbon  and  oxygen,  and  of  water  as  moisture.  The  samples 
were  collected  over  mercury  every  three  hours.  The  process 
was  continued  over  a  period  of  ten  days  until  the  oil  had  be¬ 
come  so  heavy  that  the  air  could  no  longer  be  made  to  uni¬ 
formly  react  with  it,  and  to  a  point  where  the  oil  could 
no  longer  be  readily  poured.  By  comparison  of  its  specific 
gravity  with  that  of  completely  oxidized  oil,  in  a  film,  we  judged 
it  to  be  about  2/3  of  its  journey  towards  complete  dryness.  In 

any  case  it  was  far  enough  to  give  an  inkling  of  what  takes 

place. 

The  average  results  from  the  absorption  were  as  follows: 

Oxygen 

Inlet  Air  =20.95  percent 

Outlet  Air  =19.97  percent 


Difference 


Inlet 

Outlet 


0.53  percent  representing  Oxygen  absorbed  by  oil. 

Carbon  Dioxide 
0.05  percent 
0.12  percent 


Difference 


0.07  percent=C02  generated  by  the  drying  action. 


Water 

Inlet  Current  52.30  decimilligrams  per  liter. 
Outlet  Current  67.00  u  11  11 


Difference 


14.70=water  generated  and  driven  off. 
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Figured  on  a  basis  of  10  lb.,  which  we  will  assume  to  have 
been  the  amount  of  oil  used,  there  were  passed  320.99  cu.  ft. 
of  air. 

Difference  between  inlet  and  outlet  currents: 

In  Oxygen=17.01  cu.  ft.=1.52  lb. .  absorbed  by  the  action. 

In  <702=2.25  cu.  ft.=0.277  lb.  given  off. 

Water  given  off =0.295  lb. 

Oxygen  needed  for  0.295  lb.  water=0.260  lb. 

Hydrogen  needed  for  0.295  lb.  water=0.033  lb.,  which  would  rep¬ 
resent  Hydrogen  given  off. 

Oxygen  needed  for  0.277  lb.  C02= 0T202  lb. 

Carbon  needed  for  0.277  lb  <702=0.076  lb. 

It  is  a  question  whether  the  C02  was  formed  simply  from 
the  oil,  or  was  formed  by  the  decomposition  of  certain  products 
of  the  oxidation.  So  far  as  can  be  judged,  either  would  have 
the  same  effect  upon  the  formula  of  the  final  product.  The 
total  weight  of  oxygen  absorbed  by  10  lb.  of  oil  during  the 
experiment  was  1.52  lb..  The  water,  in  excess  of  that  in  the 
.  inlet  current=0.2946  lb. 

C02  in  excess  of  amount  in  inlet  air=0.277. 

Oxygen  absorbed  =1.51840  lb. 

C02  and  water  given  off =0.57195  lb. 


Difference,  =0.94645  lb.,  which  should  represent 

the  gain  in  weight  of  the  10  lb.  of  oil  during  oxidation  which 
we  found  by  weighing  was  very  close  to  the  fact.  No  traces 
of  CO  were  found  in  the  outlet  air  at  any  time.  The  increase 
in  weight  you  will  observe  is  very  nearly  10  percent,  which  is 
much  in  excess  of  that  generally  claimed. 

The  drying  action  is  not,  therefore,  a  simple  additive  pro¬ 
cess,  but  is  more  complex.  We  can  see  the  bearing  on  the 
drying  of  a  film  of  paint,  or  varnish.  We  know  that  such  will 
not  dry  as  well  in  wet  weather  as  in  dry.  From  the  above  ex¬ 
periment  it  will  be  apparent  that  the  surrounding  atmosphere 
must  take  up  water  and  C02  from  the  film  as  well  as  give  up 
oxygen  to  it.  If  the  air  is  already  pretty  well  saturated,  its 
appetite  is  decreased. 

Pigments :  There  are  so  many  pigments  that  time  would 
fail  if  I  were  to  go  very  deeply  into  them.  The  leads,  oxides  of 
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iron,  tars,  asphalts  and  carbons  in  various  forms,  all  have  their 
advocates,  and  all  are  good.  The  principal  point  to  watch  is 
that  the  pigment  be  pure,  dry  and  finely  ground.  It  should 
be  stirred  well  into  the  oil  and  thinned  just  before  being  ap¬ 
plied,  in  order  that  the  cost  may  be  uniform.  One  great  ad¬ 
vantage  which  carbon,  in  the  form  of  lamp-black,  has  is  that 
its  specific  gravity  is  lighter  than  that  of  metallic  pigments 
and  there  is  less  tendency  to  settle.  It  is  fine  and  inert,  and 
good  examples  of  its  use  may  be  seen  over  the  country.  The 
sign  board  in  the  rural  districts,  always  seems  to  me  to  be  say¬ 
ing:  “Use  lamp-black,”  for  often  the  black  letters  are  all  that 
remain  of  the  original  coating.  But  in  any  case,  pigments  must 
be  well  ground  and  well  mixed  with  the  oil  vehicle. 

Gums :  The  gums  which  may  be  used  in  paints  and  var¬ 
nishes  are  many.  The  hardest,  most  expensive,  and  if  used 
without  special  treatment,  the  best  are  the  fossil  resins.  Nearly 
all  natural  gums  in  solution  give  off  an  acid  reaction,  and  this 
acidity  should  be  neutralized  before  use. 

Amber  is  an  example  of  a  very  high  type  of  fossil  resin. 
Kauri  gum  in  various  grades  is  used  for  fine,  hard  finishes. 
The  chemistry  of  colophony,  or  common  rosin,  has  been  well 
looked  into  and  it  is  the  most  generally  used  gum.  It  is  usually 
used  in  the  form  of  a  metallic  resinate. 

I 

Dryers :  Manganese  and  lead  compounds  are  the  most 
common  driers.  These  aid  the  oil  in  its  efforts  to  take  oxygen 
from  the  air.  They  either  act  by  taking  it  up  and  passing  it  on 
to  the  oil,  or  perhaps  by  a  catalytic  action. 

Too  much  drier  should  not  be  used,  and  with  oil  coatings 
slow  drying  in  general  means  long  life  for  the  coat. 

Tliinners :  Turpentine,  benzole,  benzine  and  higher  naph¬ 
thas  all  are  used  and  each  has  its  place.  Turpentine  also  seems 
to  aid  in  the  drying  and  is  a  good  solvent.  Its  fault  is  that 
having  performed  its  mission  as  a  thinner  it  does  not  leave 
quickly  enough.  Benzine  is  better  in  this  respect.  Probably 
a  mixture  will  be  better  than  either  by  itself  for  many  purposes. 

Protection  of  Steel:  The  Engineer  having  chosen  his  coat¬ 
ing  should  watch  the  application  with  great  care.  The  steel 
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should  be  clean  and  dry.  The  coating  should  present  a  good 
resistance  to  the  abrasive  action  of  dust  as  well  as  to  the  gases 
and  water-vapor  in  the  atmosphere.  It  is  the  custom  with  many 
to  use  different  colors  for  the  different  coats,  to  facilitate  in¬ 
spection,  so  that  the  engineer  can  tell  at  a  glance  whether  the 
required  number  of  coats  have  been  applied.  This  long-distance 
and  “at  a  glance”  inspection  never  has  appealed  to  me.  The 
inspection  should  be  close  enough  so  that  color  is  a  small  factor. 
Objection  is  made  at  times  to  “shop  coating”,  as  we  are  told 
that  this  obliterates  the  marks  and  numbers.  This  objection 
is  overcome  if  a  clear  transparent  coating  is  used,  and  shop¬ 
coating  removes  the  danger  of  rusting  between  the  time  when 
the  steel  is  finished  and  the  final  painting  in  place: 

For  steel  which  is  to  be  embedded  in  concrete  special  top- 
coatings  are  now  being  developed.  Claim  is  made  that  the 
concrete  itself  preserves  the  steel  and  I  should  like  to  hear  from 
the  reinforced  concrete  and  the  cement  engineers  on  this  point. 
I  saw  a  notice  recently  of  the  demolition  of  a  reinforced  concrete 
structure  in  which  the  embedded  steel  was  in  excellent  condi¬ 
tion.  Whether  or  not  it  had  been  coated  the  report  did  not  say. 

There  seeems  to  be  a  demand  for  such  concrete  steel  coat¬ 
ings.  The  water  used  in  mixing  concrete  must  be  a  great  factor. 
The  acid  water  of  the  Monongahela  River  must  set  up  a  toler¬ 
able  lively  chemical  reaction  with  the  constituents  which  are 
“among  those  present”  during  the  setting  of  concrete.  I  think 
it  would  be  better  for  the  steel  to  be  protected  during  this 
period  at  least. 

One  of  the  tests  which  is  being  used  by  certain  large  rail¬ 
roads  and  other  corporations  is  to  coat  steel  plates  with  the 
paint  to  be  examined,  allow  them  to  dry  thoroughly,  and  place 
them  in  a  mixture  made  as  follows : 

4  parts  cinders, 

2  parts  sand, 

1  part  Portland  Cement. 

After  periods  of  one,  two  or  three  months,  etc.,  the  blocks 
are  broken  and  the  coat  examined.  This  is  a  severe  test,  but 
it  should  be  in  order  to  allow  of  speedy  conclusions.  Gen¬ 
erally  the  coating  which  survives  the  setting  period  and  the 
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first  month,  will  last  through  many  months.  In  many  tests 
when  the  block  is  broken,  part  of  the  coating  will  adhere  to  the 
concrete  and  part  to  the  steel.  If  the  exposed  places  on  the  steel 
are  bright,  it  shows  that  the  coating  lias  done  its  work.  All 
over  the  country  more  attention  is  being  paid  to  the  protection 
of  engineering  work  each  year.  Good  materials  cost  more  but 
are,  of  course,  more  economical.  The  labor  cost  is  usually 
overwhelmingly  greater  than  the  material  cost.  The  number 
of  repaintings  on  exposed  work  will  tell  the  stoiy. 

Testing :  There  are  a  few  simple  tests  which  will  help  the 
user  to  check  up  the  manufacturer  as  regards  uniformity. 
One  of  these  is  the  specific  gravity  which,  in  some  cases,  may 
be  taken  by  the  hydrometer,  in  others  where  there  are  heavy 
pigments  the  sample  is  taken  from  a  well  stirred  lot  and  a 
known  volume  is  accurately  weighed  and  compared  with  the 
weight  of  the  same  volume  of  wrater. 

Oil  and  Water  Resistance :  Strips  of  copper  ribbon  or 
small  steel  plates  are  coated  and  thoroughly  dried,  or  if  time 
is  a  factor,  baked  for  a  proper  period,  and  then  hung  in  a 
vessel  filled  about  two-tliirds  full  of  water  upon  which  a  layer 
of  oil  is  poured.  A  burner  is  placed  underneath  the  vessel  and 
the  water  is  boiled.  If,  after  the  boiling  has  been  continued 
for  two  hours,  the  coating  is  still  intact,  it  may  safely  be  used 
in  places  where  moisture  and  oil  are  present. 

Elasticity :  Copper  ribbons,  or  paper  or  steel  plates,  are 
coated  and  thoroughly  dried  or  baked.  These  may  then  be 
bent  and  twisted,  thus  giving  an  idea  of  the  elasticity.  These 
tests  may  be  undertaken  at  different  temperatures,  as  placing 
first  in  wrarm  wrater  and  immediately  afterwards  plunging  the 
samples  in  vessels  containing  ice,  etc.,  etc. 

Slip  and  Flow:  What  is  known  as  “slip”  is  the  wedging 
of  a  coat  of  varnish  or  paint.  If  any  object  be  dipped  verti¬ 
cally  the  coating  near  the  top  will  be  thinner  than  that  further 
down.  If  a  strip  of  paper  be  dipped  and  air  dried,  or  baked, 
its  coat  may  be  measured  with  a  micrometer  at  different  points. 
The  difference  between  the  thickness  at  a  two  inch  line  and  at 
a  twelve  inch  line  will  give  the  “slip”  in  ten  inches.  The 
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smaller  the  “slip”  the  better  the  result  usually  will  he.  The 
flow  may  be  examined  on  the  same  papers. 

Penetration:  For  certain  uses  of  coatings,  especially  for 
the  insulation  of  coils  in  electric  machines  and  similar  places 
the  penetration  is  important.  This  may  be  measured  by  clamp¬ 
ing  a  pad  of  filter  papers,  by  suitable  means,  to  the  bottom  of 
a  tube  which,  during  the  test  is  kept  filled  to  a  constant  level. 
At  the  end  of  the  test  the  number  of  papers  impregnated  is 
counted.  Experience  shows  that  a  ten  inch  head  or  pressure, 
and  a  twenty  minute  period  are  very  convenient. 

I  do  not  feel  that  much  more  than  the  surface  of  the  sub¬ 
ject  can  be  touched  in  a  short  paper,  but  hope  that  if  nothing 
more  it  may  help  to  keep  the  attention  of  the  members  of  our 
Society  upon  a  very  important  subject. 


Metal  Corrosion  and  Protection.  64  p.  2nd  rev.  ed.  1909.  Pub¬ 
lished  by  the  Carnegie  Library  of  Pittsburgh.  This  is  a  very  complete 
bibliography  covering  all  phases  of  the  general  subjects  of  Corrosion 
and  Protection  of  Metals. 

This  can  be  obtained  by  addressing  E.  H.  McClelland,  Technology 
Librarian,  Pittsburgh  Carnegie  Library,  enclosing  ten  cents  to  cover 
costs. 


HISTORIC  NOTES  ON  METALLIC 
BEAMS  AND  GIRDERS 


By  R.  B.  Woodworth* 


History  is  the  record  of  achievement.  It  has  to  do  with 
the  past,  and  its  records,  however  written  or  graven,  contain  an 
account  of  what  has  been  accomplished  in  the  past  by  processes 

which  may  be  still  in  operation.  The  real  use  of  history  is  to 

% 

serve  as  a  basis  for  present  or  future  action,  and  it -can  do  so 
only  in  so  far  as  the  events  it  records  illustrate  the  operation 
of  the  processes  which  caused  them. 

The  history  of  the  earth,  for  instance,  is  the  record  of  what 
has  been  accomplished  by  geologic  forces  in  the  modification  of 
the  earth’s  surface,  the  deposition  of  minerals  and  the  trans¬ 
formation  of  land  areas.  Its  duty  is  not  complete  when  it  calls 
our  attention  only  to  facts  as  they  are ;  it  must  likewise  give 
an  account  of  how  these  various  facts  have  had  their  rise  and 
the  processes  which  underlie  their  production. 

Human  history,  in  a  broad  sense,  is  the  record  of  human 
achievement;  it  deals  with  all  the  various  modes  of  human  ex¬ 
pression — with  words,  thoughts  and  deeds.  Old  time  histories 
deal  with  deeds  only;  the  annals  of  Egypt  and  Assyria,  for  ex¬ 
ample,  deal  with  the  might  of  their  rulers,  with  the  cities  they 
conquered,  with  the  realms  they  overran,  with  the  conquests 
which  they  made  and  with  the  temples  and  palaces  they  built 
for  their  personal  gratification  or  glorification.  The  real  writ¬ 
ing  of  history  begins  with  Thucydides  who  described  not  merely 
the  events  of  the  struggle  between  Athens  and  Sparta  for  su¬ 
premacy,  but  also  the  conditions  from  which  those  events 
grew.  Thucydides  recognized  that  to  make  his  book  a  work 
of  permanent  value  he  had  to  deal  not  only  with  events, 
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but  with  the  causes  and  conditions  which  produced  these 
events.  True  history  must,  therefore,  take  account  of 
ideas;  it  must  recognize  that  while  the  record  of  deeds  is  im¬ 
portant,  it  is  more  important  for  succeeding  generations  to 
know  the  ideas  and  causes  that  lie  back  of  the  deeds  rather  than 
the  deeds  themselves. 

The  history  of  an  industry  to  be  complete  must  deal  not 
only  with  what  has  been  accomplished  in  that  industry,  but  also 
with  ideas  which  perhaps  may  not  have  reached  actual  material¬ 
ization.  The  first  part  of  this  duty  is  to  record  human  deeds,  and 
its  accomplishments  are  registered  by  statistics  which  show  the 
gradual  growth  of  the  industry  from  feeble  beginnings  to  final 
and  successful  establishment;  the  latter  part  of  this  duty  is  to 
record  the  development  of  human  thought  in  the  solution  of 
problems,  the  means  men  have  devised  to  accomplish  desired  ends 
whether  or  not  the  ideas  which  history  records  have  passed  into 
actual  accomplishment.  It  must,  therefore,  take  account  not 
only  of  success,  but  also  failure,  as  in  this  way  only  will  it 
be  of  assistance  in  the  future  in  the  avoidance  of  errors  and  the 
prevention  of  mistakes. 

The  records  of  actual  accomplishment  are  embedded  in  the 
literature  of  an  industry  and  in  its  statistics.  The  records  of 
invention  or  the  application  of  human  thought  to  the  solution 
of  problems  are  to  be  sought  in  the  patent  offices,  which  reflect 
the  condition  of  any  industry  at  any  particular  stage  of  its 
development.  The  first  patents  which  are  issued  in  any  line 
of  manufacture  mark  the  pioneer  stage  when  the  first  need 
of  that  line  of  manufacture  has  made  itself  known.  These 
first  patents  are  followed  by  numerous  others  which  mark  the 
gradual  growth  of  an  industry.  "When  it  has  become  finally 
and  succeessfully  established,  the  patent  office  record  ceases 
because  men’s  thoughts  are  drawn  away  to  the  solution  of  other 
problems  and  to  other  needs. 

This  paper  is  an  endeavor  to  put  together  records  from 
many  sources  in  order  to  show  the  steps  which  have  been  passed 
in  the  evolution  of  beam  and  girder  design,  and  naturally 
falls  into  two  parts;  first,  a  sketch  of  the  gradual  evolution  of 
various  types  of  beams  and  girders  now  in  common  use,  and 
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second,  a  discussion  of  that  collateral  history  which  is  reflected 
in  the  patent  office  record  of  inventions,  some  of  which  have 
come  into  actual  use  but  most  of  which  have  remained  ideas 
and  ideas  only.  The  patent  office  records  seldom  cover  forms 
of  beams  and  girders  which  are  in  common  use  for  the  reason 
that  the  most  practical  forms  go  back  to  very  early  days,  and 
in  fact  the  forms  of  metallic  beams  and  girders  have  their  ana¬ 
logues  in  wooden  structures  of  similar  character  which  reach 
back  to  the  very  first  need  of  men  for  such  structures.  It  is 
a  recognized  rule  of  patent  offices  that  the  substitution  of  one 
material  for  another  to  accomplish  the  same  end  is  not  properly 
invention. 

This  paper  is  by  no  means  a  complete  statement  of  the 
history  of  this  subject.  All  the  writer  has  attempted  to  do  is 
to  put  together  for  the  use  and  benefit  of  others  such  facts 
as  have  come  to  his  attention  in  the  course  of  a  rather  limited 
study  of  beams  and  girder  design,  in  the  hope  that  others  will 
contribute  likewise  from  their  store  of  knowledge  to  the  end 
that  some  day  there  will  be  written  a  complete  and  accurate 
description  of  what  has  actually  been  accomplished  in  the 
design  and  manufacture  of  metallic  beams  and  girders,  which 
is  a  subject  well  worth  consideration  for  the  reason  that  build¬ 
ing  construction  depends  on  beams,  girders,  columns  and  trusses 
and  no  one  is  thoroughly  conversant  with  any  art  or  science 
unless  he  is  also  familiar  with  the  steps  by  which  that  art 
and  science  has  reached  its  present  stage  of  development. 

CAST  IRON  BEAMS 

In  a  practical  way  the  design  of  beams  and  girders  begins 
with  the  researches  made  by  Eaton  Ilodgkinson  on  cast  iron 
beams.  It  is  true  that  the  mathematical  theories  of  flexure  had 
been  given  attention  by  such  investigators  previous  to  his  time 
as  Coulomb,  Buelfinger  and  Belgrado.  It  is  likewise  true,  how¬ 
ever,  that  while  applied  science  fears  Mathematics,  it  has  always 
and  will  ever  serve  its  own  gods;  and  applied  science  in  the 
investigation  of  metallic  beams  and  girders  starts  with  Ilodg¬ 
kinson. 

Mr.  ITodgkinson  read  his  first  paper  on  the  transverse 
strain  and  strength  of  materials  in  1822.  In  this  paper  he  pre- 
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sented  the  results  of  theoretical  and  experimental  investiga¬ 
tions  which  were  continued  throughout  his  professional  career 
and  bore  rich  fruit  in  the  establishment  of  the  theory  and 
practice  of  structural  mechanics.  His  second  paper,  read  be¬ 
fore  the  Manchester  Literary  and  Philisophical  Society  on  April 
2nd,  1830,  and  published  in  Yol.  V  (1831)  of  its  Proceedings, 
is  entitled  “  Theoretical  and  Experimental  Researches  to  As¬ 
certain  the  Strength  and  Best  Form  of  Iron  Beams.” 

The  common  beam  at  that  time  was  the  tee,  and  the  cur¬ 
rent  theory  was  that  the  strongest  form  of  beam  was  a  sym¬ 
metrical  section  of  I  shape  with  equal  top  and  bottom  flanges. 
Mr.  Hodgkinson  ascertained  by  experimental  investigation  that 
in  wrought  iron  the  moduli  of  elasticity  are  practically  the  same 
for  tension  and  compression,  and  that  the  extension  in  the 
bottom  flange  and  the  compression  in  the  top  flange  produced 
by  a  given  load  were,,  to  all  intents  and  purposes,  identical, 
and,  therefore,  the  I-shape  was  the  shape  of  greatest  absolute 
strength  for  wrought  iron  to  resist  bending  stresses. 

This,  however,  was  not  true  as  regards  cast  iron,  a  metal 
then  in  common  use  for  beam  purposes.  In  this  case  the  com¬ 
pressive  strength  averaged  six  times  as  much  as  that  of  the 
tensile  strength,  and,  therefore,  the  beam  of  greatest  absolute 
strength  should  have  the  bottom  flange  with  a  larger  propor¬ 
tional  sectional  area.  On  the  basis  of  his  investigations  Mr. 
Hodgkinson  designed  his  beam  of  absolute  strength  in  the  shape 
of  what  today  we  call  a  bulb  beam,  with  the  top  flange  2.33  in. 
wide  by  0.31  in.  thick,  bottom  flange  6.67  in.  wide  by  0.66  in. 
thick,  and  web  0.266  in.  thick  by  4.15  in.  high,  the  web  being 
thickened  slightly  *at  its  junction  with  the  flanges  to  stiffen 
them  and  to  provide  casting  clearance.  This  shape  of  beam, 
5 y8  in.  high,  Mr.  Hodgkinson  found  to  be  40  percent  greater  in 
strength  than  a  tee  beam  of  equivalent  depth  and  area,  while 
the  tee  beam  he  found  to  be  8J  percent  stronger  than  a  cast 
iron  I-beam  with  equal  top  and  bottom  flanges.  From  that 
time  on  the  common  tee  beam  gradually  gave  place  to  the  im¬ 
proved  Hodgkinson  sections,  though  cast  iron  tee  beams,  bulb 
beams  and  I-beams  continued  to  be  in  use  until  superseded  by 
wrought  iron  rolled  beams. 
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Mr.  William  Humber  in  an  editorial  note  on  the  subject 
of  cast  iron  in  Barlow’s  Strength  of  Materials,  Sixth  Edition, 
printed  in  London  in  1867,  remarks — “Notwithstanding  the 
fact  that  the  ultimate  compressive  resistance  of  cast  iron  is  to 
its  ultimate  tensile  resistance  as  about  six  to  one,  and  also  that 
cast  iron  girders  having  the  sections  of  their  flanges  in  that 
proportion  have  given  the  highest  ultimate  resistance,  it  is  the 
practice  of  Continental  engineers  to  distribute  the  metal  equally 
between  the  top  and  the  bottom  flanges.  This  plan  may  be 
justified  on  the  ground  that  within  a  certain  limit  the  elasticity 
of  cast  iron  under  compression  is  about  equal  to  its  elasticity  in 
tension,  so  that  as  it  is  supposed  the  girder  will  never  receive 
more  than  one-sixth  of  its  breaking  weight,  the  metal  in  it  by 
an  equal  distribution  will  be  more  effective  and  greater  rigidity 
will  be  secured,” — which  seems  to  indicate  that  while  English 
practice  followed  Hodgkinson,  Continental  practice  up  to  that 
time  was  still  based  on  the  theory  which  Hodgkinson  set  him¬ 
self  to  investigate  and  which  he  demonstrated  to  be  erroneous 
as  concerned  cast  iron.  It  must  be  added,  however,  that  Hodg¬ 
kinson ’s  investigations  were  conducted  on  beams  of  short  length 
in  which  the  lateral  strength  of  the  compressive  flange  did  not 
come  into  consideration,  and  Continental  practice,  therefore, 
was  very  likely  based  on  the  consideration  of  lateral  resistance 
to  buckling  on  long  spans  and  on  the  practical  considerations 
of  framing  and  fitting  which  make  symmetrical  sections  more 
advantageous  from  the  standpoint  of  shop  practice  and  actual 
use. 

The  cast  iron  lintel,  which  is  in  effect  a  cast  iron  beam  of 
tee  shape,  still  continues  in  limited  use  even  to  the  present  day, 
but  the  cast  iron  beam  as  a  unit  in  building  and  bridge  con¬ 
struction  has  long  since  passed  into  history.  Just  what  time 
is  to  be  set  down  as  the  date  of  its  disappearance  it  is  hard  to 
say,  possibly  the  year  1870  marks  its  displacement  by  the 
wrought  iron  beam  as  well  as  any  other. 

In  May  and  June,  1866,  Mr.  William  Fairbairn  tested  25 
cast  iron  beams  for  use  in  the  construction  of  St.  Helens  Bridge, 
London  and  Northwestern  Railroad.  These  beams  were  I-shape 
27  in.  high,  flanges  18  in.  wide  by  two  inches  thick  with  webs 
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1%  in.  thick,  and  were  30  ft.  9  in.  long.  He  also  tested  on  June 
9th,  10th  and  11th,  1866,  a  cast  iron  beam  for  the  Cotham  Street 
Bridge.  This  beam  was  of  the  Hodgkinson  shape,  27*4  in. 
high,  top  flange  5%  in.  wide,  bottom  flange  18  in.  wide,  and 
with  a  length  of  31  ft.  9  in.  Fig.  2. 

Fig.  1,  photograph  taken  by  the  writer,  shows  a  bow-string 
highway  bridge  with  an  18-foot  roadway  and  a  5-foot  side- 


Fig.  1.  Cast  Iron  Bow  String  Bridge,  Clyde,  N.  Y. 
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walk  over  the  Seneca  River  at  Clyde,  New  York,  on  the  New 
York  Central  &  Hudson  River  Railroad  built  by  S.  De  Graff, 
of  Syracuse,  N.  Y.,  in  the  same  year,  1866.  The  top  chord  is 
tapered  and  is  made  of  cast  iron  angles  connected  by  tees  cast 
in.  The  chords  are  made  in  segments  about  five  to  six  feet  long, 
and  the  end  panels  over  the  piers  are  box  sections.  The  floor 
beams  are  of  cast  iron  approximately  four  inches  wide  by  seven 
inches  deep  of  symmetrical  I-shape.  The  webs  are  %  in.  to 
%  in.  thick.  The  floor  beams  are  suspended  from  the  trusses 
by  wrought  iron  rods  which  pass  through  an  enlargement  cast 
in  the  beam  itself.  The  sidewalk  brackets  are  cast  in  one  piece 
with  the  beams;  so  also  are  the  lugs  for  the  diagonal  braces. 
The  compression  flanges  of  the  beams  are  stiffened  by  brackets 
about  two  feet  centers.  The  material  used  in  the  construction 
of  this  bridge  must  have  been  first  class  in  all  respects  and  the 
design  well  worked  out.  One  of  the  cast  iron  portal  struts  is 
broken,  otherwise  the  metal  work  of  the  bridge  is  in  good  con¬ 
dition.  There  are  two  cast  iron  bridges  at  Clyde,  but  only  one 
bears  the  date  of  erection.  The  readiness  with  which  cast  iron 
adapts  itself  to  constructions  of  this  character  was.  beyond 
question,  one  of  the  reasons  why  its  use  continued  so  long  after 
the  introduction  of  wrought  iron. 

WROUGHT  IRON  BEAMS 

The  slowness  with  which  whought  iron  superceded  cast 
iron  in  the  manufacture  of  beams  and  girders,  especially  beams, 
was  doubtless  due  to  the  large  first  cost  of  the  installation  of 
the  proper  machinery  necessary  in  rolling  mill  .  operations. 
The  art  of  rolling  took  many  years  of  labor  and  study  for  its 
development  after  the  use.  of  grooved  rolls  had  been  patented 
in  1783  by  Henry  Cort,  an  Englishman,  who  is  also  the  inventor 
of  the  puddling  forge  patented  in  1784.  The  first  mill  was 
doubtless  used  for  rolling  of  simple  forms  of  bars  and  plates, 
but  soon  after  1830,  owing  to  the  rapid  progress  of  railroad 
construction,  wrought  iron  began  to  come  into  use  for  railroad 
rails  and  bridges. 

The  first  wrought  iron  girder  bridge,  which  had  a  span  of 
only  3iy2  ft.,  was  built  by  Andrew  Thompson  in  1832  to  carry 
a  highway  over  the  Pollok  &  Govan  Railroad  near  Glasgow, 
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Scotland.  It  was  25^  ft.  wide  with  six  lines  of  girders.  In 
1846  William  Fairbairn  erected  a  pony  tubular  girder  over 
the  Leeds  and  Liverpool  Canal  with  a  span  of  60  ft.  to  carry 
two  tracks  of  the  Blackburn  &  Bolton  Railroad.  In  the  same 
year  a  tubular  plate  girder  with  a  span  of  50  ft.  was  built  by 
James  Milholland  on  the  Baltimore  &  Ohio  Railroad  near  Bol¬ 
ton  Depot.  The  sides  and  bottom  of  the  last  bridge  were 
wholly  of  wrought  iron,  but  the  top  flange  was  reinforced  with 
12  by  12  in.  timber.  The  plates  used  in  the  construction  of  this 
girder  were  38  in.  wide  and  six  feet  deep,  the  whole  bridge 
weighing  14  tons. 

Experiments  made  by  Mr.  Hodgkinson  in  1842  on  the  rela¬ 
tive  merits  of  cast  iron  and  wrought  iron  beams  disclosed  the 
weakness  of  the  former,  and  the  uncertainty  in  reference  to  the 
strength  of  these  materials  caused  Robert  Stephenson,  who  had 
under  consideration  a  project  to  bridge  the  Menai  Straits,  to 
conduct  extensive  experiments  on  the  strength  of  wrought  iron 
and  cast  iron.  This  work  he  entrusted  to  Messrs.  William 
Fairbairn,  Eaton  Hodgkinson  and  Edwin  Clark.  Their  ex¬ 
periments  showed  very  conclusively  the  suitability  of  wrought 
iron  for  the  building  of  large  bridges  and  defined  the  safe  unit 
stresses  which  might  be  used  in  bridge  work.  On  these  ex¬ 
periments  were  based  the  designs  for  the  Conway  tubular 
bridge  over  the  Menai  Straits  built  under  the  direction  of 
Robert  Stephenson  and  opened  December  16th,  1848,  the  Bri¬ 
tannia  bridge  designed  by  Robert  Stephenson  and  built  in  the 
years  1845  to  1850  (opened  March  18th,  1850),  the  Brotherton 
bridge  over  the  River  Aire  on  the  York  &  North  Midland 
Railroad  opened  in  1850,  and  the  largest  of  all  the  tubular 
bridges,  the  old  Victoria  bridge  over'  the  St.  Lawrence  River  at 
Montreal  designed  by  Robert  Stephenson,  begun  in  1854  and 
completed  in  1859. 

The  notable  date,  however,  in  the  use  of  wrought  iron  is 
the  year  1849  in  which  appeared  the  Report  of  the  Commis¬ 
sioners  Appointed  to  Inquire  into  the  Application  of  Iron  to 
Railway  Structures.  The  Commissioners  were  Lord  Wrottes- 
ley,*  Rev.  Robert  Willis,  F.  R.  S.,  Jacksonian  Professor,  Capt. 
Henry  James,  R.  E.,  F.  R.  S.,  George  Rennie,  W.  Cubitt  and 
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Eaton  Hodgkinson,  with  Lieut.  Douglas  Galton,  R.  E.,  as  sec¬ 
retary.  Rennie,  Cubitt  and  Hodgkinson  were  well  known  en¬ 
gineers  and  investigators,  and  Todhunter  in  his  History  of  the 
Elasticity  and  Strength  of  Materials  states  that  their  report 
formed  the  most  valuable  experimental  contribution  to  our 
knowledge  of  the  elasticity  and  cohesion  of  iron  made  previous 
to  1850.  This  report  is  a  classic  in  engineering  literature  and 
its  appearence  marks  the  time  when  the  pre-eminent  suitability 
of  wrought  iron  for  building  and  bridge  construction  was  clearly 
recognized.  After  this  date  specifications  for  important  struc¬ 
tures  contained  requirements  regarding  working  stresses,  labo¬ 
ratories  for  testing  materials  were  established,  improved  met¬ 
hods  devised  and  the  theory  of  beam  design  greatly  extended. 
It  appears  from  the  testimony  that  as  far  as  cast  iron  beams 
were  concerned,  nearly  all  the  witnesses  spoke  favorably  of 
Hodgkinson ’s  formulae  and  design. 

The  introduction  of  the  wrought  iron  I-beam  we  owe  to  the 
engineer  Zores  in  Paris,  who  in  the  fortieth  year  of  the  nine¬ 
teenth  century  came  upon  the  idea  of  strengthening  the  tee 
beam  by  a  rib  or  flange.  The  first  I-beam,  manufactured  in 
1849,  had  a  height  of  5-%  in.,  a  length  of  17.7  ft.  and  was  used 
as  a  roof  girder  in  house  No.  18,  Boulevard  des  Filles  du 
Calvarie  in  Paris.  In  Germany  the  first  angles  and  tees  were 
rolled  in  1831  and  in  1839  at  the  Rasselstein  Works.  The 
I-beam  was  first  rolled  in  1857  by  the  Phoenix  Company,  and 
Z-bars  were  first  rolled  in  1862  at  the  Burbach  Works.  (G.  C. 
Mehrtens’  Lectures  on  Engineering  Sciences,  Second  Part,  Iron 
Bridge  Building,  Vol.  I,  1908,  pages  78  and  79.) 

The  first  beams  rolled  in  the  United  States  were  seven  in¬ 
ches  deep,  weighed  about  81  pounds  a  yard  and  were  of  the 
form  now  known  as  deck  beams  modeled  after  the  type  of  cast 
iron  beam  designed  by  Hodgkinson.  They  were  rolled  at  the 
Trenton  Iron  Works  owned  by  the  Trenton  Tron  Company 
(Cooper,  Hewitt  &  Company),  in  the  spring  of  1854  on  a  mill 
having  three  vertical  rolls  patented  by  William  Burrows.  These 
beams  were  used  in  Harper  Brothers  and  the  Cooper  Union 
Buildings,  New  York  City,  and  also  as  rails  on  the  Camden  & 
Amboy  Railroad.  1-beains  were  afterwards  rolled  in  the  same 
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mill,  which  was,  however,  after  a  few  years  replaced  by  a  three- 
high  train  having  horizontal  rolls,  as  in  the  present  usual  con¬ 
struction.  It  is  claimed  that  the  first  angle  iron  rolled  in  the 
United  States  was  rolled  by  Samuel  Leonard  at  the  Union  Roll¬ 
ing  Mill  located  on  the  Monongahela  River,  at  Pittsburgh,  which 
was  built  in  1819  and  accidentally  blown  up  and  permanently 
dismantled  in  1829.  This  mill  had  four  puddling  furnaces,  the 
first  in  Pittsburgh,  and  was  probably  the  first  to  roll  bar  iron. 
It  was  built  by  Baldwin,  Robinson,  McNickle  and  Beltzhoover. 

The  development  of  the  wrought  iron  beam  was  necessarily 
slow  inasmuch  as  in  those  early  days  bridge  construction  was 
in  its  infancy  and  the  modern  building  with  its  vast  require¬ 
ments  of  steel  was  yet  a  thing  of  the  future.  In  1873,  S.  Whip¬ 
ple,  C.  E.,  inventor  of  the  Whipple  bridge,  in  his  Elementary 
and  Practical  Treatise  on  Bridge  Building,  the  fourth  edition 
of  which  appeared  in  1883,  said  on  page  183  that  “Four  gen¬ 
eral  plans  of  iron  beams  have  been  used  successfully;  namely, 
the  cast  iron  web  and  flange  beam,  the  wrought  iron  skeleton, 
the  composite  wrought  and  cast  iron,  and  the  solid  wrought 
iron  rolled  web  and  flange  or  I-beam.  These  may  all  be  used 
with  good  results  in  particular  cases  and  under  modifications 
adapted  to  respective  circumstances.  For  general  use,  how¬ 
ever,  I  regard  the  solid  rolled  I-beam  as  entitled  to  a  decided 
preference.  ” 

In  the  same  year,  1873,  Carnegie,  Kloman  &  Company, 
proprietors  of  the  Union  Iron  Mills,  Pittsburgh,  issued  a  litho¬ 
graphed  album  of  shapes  from  which  it  appears  that  at  that 
date  they  were  rolling  15  in.  beams  weighing  50,  56,  60  and 
66-2/3  lb.  per  ft.,  12  in.  beams  weighing  38,  42  and  60  lb.  per 
ft.,  10  in.  beams  weighing  30  and  38  lb.  per  ft.,  9  in.  beams 
weighing  23^4  and  30  lb.  per  ft.,  8  in.  beams  weighing  2iy2 
and  27  lb.  per  ft.,  7  in  beams  weighing  16-2/3  lb.  per  ft.,  6  in. 
beams  weighing  131/2  and  16  lb.  per  ft.,  5  in.  beams  weighing  12 
lb.  per  ft.,  and  4  in.  beams  weighing  8  lb.  per  ft.  They  also 
rolled  a  complete  list  of  channels  from  3  in.  5  lb.  up  to  12  in. 
30  lb.;  7  in.,  8  in.  and  9  in.  deck  beams;  iy2  by  1  p2  in.  to  4  by 
4  in.  star  sections ;  1  by  1  in.  to  4  by  4  in.  angles ;  and  1*4  by 
1%  in.  to  6  by  3^4  in  tees. 
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STEEL  BEAMS 

The  bessemer  and  open  hearth  processes  of  making  steel, 
introduced  respectively  in  1856  and  1864,  rendered  it  pos¬ 
sible  to  produce  ingots  from  which  steel  rails  and  beams 
could  be  rolled,  but  it  was  not  until  about  1890  that  steel 
beams  began  seriously  to  compete  with  those  of  wrought 
iron,  as  practical  necessities  did  not  make  it  expedient  to  modify 
the  rolling  mills  so  as  to  produce  the  more  economical  steel 
sections  and  indeed  considerable  experimentation  was  necessary 
before  the  suitability  of  steel  to  take  the  place  of  wrought  iron 
in  bridge  building  construction  could  be  considered  as  firmly 
and  finally  established. 

Steel  beams  appeared  in  the  Pocket  Companion  of  Car¬ 
negie,  Phipps  &  Company,  Ltd.,  for  the  first  time  in  18S4, 
where  it  is  shown  on  page  29  a  12  in.  32  lb.  beam  with  a  51  j  in. 
flange  and  a  0.35  in.  web,  and  a  15  in.  41  lb.  beam  with  a  5J/ 
in.  flange  and  a  0.40  in.  web,  with  15  degrees  flange  slope.  In 
the  1889  edition  the  use  of  steel  had  been  extended  to  include 
not  only  beams,  but  channels,  deck  beams,  bulb  angles,  tees 
and  zees.  The  1892  Pocket  Companion  of  Carnegie,  Phipps 
&  Company  probably  lingers  in -the  memory  of  designers  of 
structural  steel  work  by  reason  of  the  fact  that  in  that  edition 
the  lithographs  of  sections  were  given  in  rose  tints  to  indicate 
sections  rolled  in  steel,  and  in  blue  tints  to  indicate  sections 
rolled  in  iron,  making  a  bizarre  appearence  of  the  printed  page. 
Weights  were  still  given  on  the  old  iron  basis.  Since  1893  the 
product  of  the  Carnegie  Steel  Company,  Ltd.,  and  its  succes¬ 
sors  has  been  exclusively  steel,  and  the  year  181)2,  therefore, 
probably  marks  the  disappearance  of  the  wrought  iron  beam 
as  a  commercial  entity. 

A  few  dates  of  rolling  may  be  of  interest  as  indicating  the 
development  of  the  use  of  deep  beams  and  serve  also  as  an  index 
to  the  growth  of  bridge  and  building  construction.  In  1884 
the  first  12  in.  and  15  in.  steel  beams  were  rolled  at  Upper 
Union  Mills,  Pittsburgh.  They  were  followed  by  the  rolling 
of  20  in.  beams  on  the  33  in.  mill,  Homestead  Steel  Works,  on 
January  3rd,  1888;  24  in.  beams  on  the  33  in.  mill,  Homestead 
Steel  Works,  on  June  19th,  1889;  and  18  in.  beams  on  the  35 
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in.  mill,  Homestead  Steel  Works,  on  February  3rd,  1897.  The 
24  in.  115  lb.  beams  were  rolled  on  the  35  in.  mill,  Homestead 
Steel  Works,  for  the  first  time  on  April  30th,  1907.  The  roll¬ 
ing  of  these  large  size  beams  has  made  possible  and  economical 
the  skeleton  steel  building,  and  their  wide  use  has  demonstrated 


Fig.  2.  Built  up  Beams  and  Girders. 


that  when  it  comes  to  wrought  iron  or  steel,  the  symmetrical 
I-beam  section  is  the  proper  section  to  resist  cross  bending 
stresses. 

BUILT  UP  GIRDERS 

The  earliest  edition  of  the  Carnegie  Pocket  Companion 
issued  in  1876  illustrates  the  double  beam  girder  made  of  two 
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beams  united  by  bolts  and  separators  to  support  brick  walls. 
In  the  edition  of  1881  the  lithographs  have  been  extended  to 
show  beam  box  girders  made  of  two  beams  with  riveted  flange 
plates,  single  beam  girders  with  riveted  flange  plates,  single 
web  and  box  plate  girders  and  a  table  of  coefficients  is  given 
to  facilitate  the  computation  of  the  gross  area  of  plate  girder 
flanges  based  on  depths  of  the  section  and  the  span.  This 
table  reappeared  in  the  subsequent  editions  down  to  1890  and 
in  the  books  of  other  makers  as  well;  but  the  first  systematic 
attempt  to  popularize  the  beam  box  girder  and  the  plate  girder 
was  made  by  the  Dearborn  Foundry  Company  of  Chicago  in 
1887.  The  Pocket  Companion  issued  by  that  Company  and  com¬ 
piled  by  Thomas  Smith  gives  safe  load  tables  for  Sandwich  or 
flitch  plate  girders,  made  of  two  wooden  joists  with  iron  center 
plate  or  two  iron  plates  and  one  wooden  joists,  beam  box  girders 
made  of  two  12  or  15  inch  beams  and  two  12  or  14  inch  plates — 
four  sizes  in  all —  and  single  web  girders  16  to  28  in.  deep, 
flange  plates  14  and  16  in.  wide,  also  box  plate  girders  20  to 
48  in.  deep,  20  and  24  in.  wide.  Similar  tables  for  beam  box 
girders  appeared  in  the  1889  Carnegie  Pocket  Companion,  and 
for  plate  girders  in  the  1892  edition.  Plate  girder  tables  ap¬ 
peared  in  the  Pencoyd  book  “Steel  in  Construction”  in  1892; 
beam  box  girder  tables  in  1896.  See  Fig.  2. 

The  double  and  triple  I-beam  girder  formed  by  super¬ 
position  of  one  beam  above  another  appears  in  the  1887  Man¬ 
ual  of  the  Bouton  Foundry  Company,  Chicago,  Illinois,  and  in 
the  1887  Handbook  of  the  Pottsville  Iron  &  Steel  Company, 
Pottsville,  Pa.  In  this  last  book  a  method  is  given  for  working 
out  the  moments  of  inertia  of  such  sections  and  the  statement 
made  that  this  plan  of  carrying  walls  is  much  used  by  the 
United  States  Government  in  the  public  buildings.  Thirteen 
sets  of  girders  made  of  four  20  inch  beams  in  two  tiers  with 
%  in.  plates  top,  bottom  and  between  were  used  in  this  fashion 
in  the  construction  of  the  San  Francisco  City  Hall,  built 
about  1893. 

The  slowness  of  the  steel  makers  in  the  endeavor  to  popular¬ 
ize  the  built  up  beam  girder  or  riveted  plate  girder  is  beyond 
question  due  to  the  fact  that  the  skeleton  steel  building  (sky- 
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scraper)  was  unknown  until  Mr.  W.  L.  B.  Jenney  prepared 
the  plans  for  the  ten  story  Home  Insurance  Building  in  Chi¬ 
cago  in  1883.  This  type  of  building  construction  automatically 
carried  with  it  the  need  for  girders  of  great  strength,  and  the 
first  tables  to  facilitate  their  use  were  naturally  prepared  in 
the  city  where  that  need  made  itself  first  felt.  That  is  history 
in  nature,  it  is  history  in  applied  science  as  well. 

Of  course  the  large  bridge  girder  had  by  this  time  reached 
a  good  degree  of  perfection,  and  all  the  architectural  engineer 
had  to  do  was  to  adopt  the  railway  engineer’s  methods.  Wil¬ 
liam  Fairbairn  in  July,  1866,  tested  a  fish-belly  cross  beam  for 
the  Lune  Viaduct.  This  girder  was  36  ft.  10  in.  long,  21  in. 
deep  and  15  in.  wide ;  top  flange,  two  angles  4  by  4  by  %  in.,  one 
plate  15  by  { J  in. ;  bottom  flange  two  angles  4  by  4  by  ^4  in.,  one 
plate  15  by  -JJ  in.  Four  things  are  of  interest  in  this  girder :  The 
flange  plates  were  very  wide ;  they  were  spliced  in  three  sec¬ 
tions;  the  gross  section  of  the  tension  flange  was  less  than  the 
gross  section  of  the  compression  flange,  and  the  stiffeners  were 
crimped. 

The  single  web  plate  girder  has  had  a  merited  success;  its 
wide  use  is  due  to  its  adoption  by  the  railways  as  the  standard 
for  spans  100  ft.  long  or  less,  and  to  the  rolling  of  long  and 
wide  plates  and  long  and  large  angles  which  permit  fabrication 
without  splicing.  Even  in  the  nineties,  some  very  long,  deep 
girders  were  used.  The  writer  detailed  some  such  at  Elmira 
Bridge  Works  in  1896,  110  ft.  long,  10  ft.  deep  with  8  in.  angles 
which  at  that  time  were  just  coming  into  use. 

The  rolling  of  these  large  angles  seems  to  have  stopped  the 
development  of  a  new  type  of  plate  girder,  namely,  that  in 
which  the  flanges  were  made  of  four  angles  and  plates  in  the 
place  of  two  angles  and  plates.  Girders  of  this  type  were  built 
at  Elmira  for  the  Erie  Railroad  in  1894  and  1895,  and  Fig.  2 
shows  the  writer’s  recollection  of  the  make-up  of  one  such  102 
in.  deep  and  about  100  ft.  long.  An  inspection  of  the  figure 
will  show  that  the  effective  depth  of  such  a  section  is  problem¬ 
atical,  and  the  chances  are  that  a  more  economical  distribution  of 
metal  might  be  effected.  Mr.  Harry  H.  Rousseau,  at  that  time 
with  the  Pittsburgh  Bridge  Company,  but  now  a  Rear-Admiral 
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and  Member  of  the  Isthmian  Canal  Commission,  proposed  to 
make  this  more  economical  distribution  by  the  use  of  the  forms 
shown  in  the  figure. 

In  the  specifications  of  his  patent  No.  542  288,  1895,  Mr. 
Rousseau  says:  “Though  it  is  now  understood  among  the  en¬ 
gineering  profession  that  the  true  or  effective  depth  of  a  plate 
girder  is  the  vertical  distance  between  rivet  hole  centers,  by  a 
curious  confusion  between  rolled  and  built  sections,  and  in 
accordance  with  long  established  usage,  it  is  still  commonly 
taken  as  the  distance  between  the  centers  of  gravity  of  the  edge 
flanges  of  the  girder.  #  *  *  All  stress  exists  first  in  the  web 
and  is  transmitted  to  the  flanges  from  the  web  through  the 
connecting  rivets,  and  when  the  center  of  gravity  of  the  flange 
section  does  not  coincide  with  the  line  of  rivet  connection  the 
consequent  transmission  of  stress  to  the  flange  excentrically  to 
its  center  of  gravity  causes  flexure  in  the  flange.  This  flexure 
is  not  calculated,  but  is  considered  to  be  compensated  for  by 
making  the  flanges  of  sufficient  dimensions  to  alone  take  up  all 
bending  stress  caused  by  the  load  carried  by  the  girder,  and 
disregarding  the  fact  that  approximately  one-sixth  of  the  web 
area  itself  is  available  to  resist  bending  and  must  resist  bending 
stress  before  deflection  takes  place  and  causes  the  flanges  to 
begin  to  assist  the  web.  The  ordinary  methods  of  computing 
the  necessary  dimensions  of  the  flange  of  a  built  up  girder 
give  more  or  less  inexact  results.  The  flanges  will  in  many 
cases  be  made  of  unnecessarily  large  dimensions  to  compensate 
for  possible  variations  and  approximations.”  By  his  invention 
Mr.  Rousseau  made  it  possible  to  determine  accurately  the  di¬ 
mensions  of  plate  girders  to  meet  given  requirements,  to  make 
lines  of  stress  exactly  coincident  with  the  center  of  gravity  of 
the  flange  sections,  to  produce  girders  approximately  free  from 
the  objectionable  features  stated,  and  thereby  to  introduce  many 
structural  advantages.  This  was  an  excellent  scheme  and  illus¬ 
trates  very  well  the  ideas  current  at  that  time. 

In  deck  plate  girders  the  use  of  cover  plates  is  objection¬ 
able,  as  it  is  desirable  to  have  a  smooth  and  straight  surface  for 
the  ties  to  rest  upon,  and,  therefore,  it  is  a  common  expedient 
for  railroads  such  as  the  Chicago,  Milwaukee  &  St.  Paul,  Dela- 
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ware,  Lackawanna  &  Western,  etc.,  to  use  four  or  six  angles  in 
the  top  chord  without  cover  plates,  the  two  top  angles  being 
8  by  6  in.  or  8  by  8  in.  extending  full  length,  and  the  lower 
angles  extending  only  part  way,  as  conditions  of  stress  may 
require.  The  bottom  chord,  however,  is  made  of  two  angles 
and  cover  plates  in  the  regular  way.  This  type  of  construction 
is,  therefore,  a  practical  expedient  and  has  no  real  resemblance 
to  Mr.  Rousseau’s  invention,  the  object  of  which  was  to  remove 
eccentricities  of  stress. 

THE  EVOLUTION  OF  BEAM  FORMS 

There  are  operative  in  the  realm  of  nature  two  processes 
whose  action  is  said  by  biologists  to  account  for  the  resemblances 
and  differences  existing  in  the  forms  of  animal  or  vegetable 
life;  the  process  of  nivelization  by  virtue  of  which  nature  con¬ 
stantly  tends  to  reduce  all  forms  to  the  same  level  and  thus 
to  maintain  a  uniform  aspect  of  generic  life,  and  the  process 
of  variation  by  virtue  of  which  individual  members  of  any  par¬ 
ticular  genus  tend  to  assert  their  own  individuality  and  by 
reason  of  their  virility  are  able  not  only  to  overcome  the  gen¬ 
eral  tendency  of  nature  to  make  all  things  uniform,  but  also 
to  perpetuate  themselves  in  the  rise  of  new  species.  The  first 
process  is  in  a  way  the  inertia  of  nature ;  the  second  process 
is  the  force  of  life  striving  to  display  itself  in  new  forms  which 
will  be  in  more  exact  conformity  to  changed  conditions  of  en¬ 
vironment. 

These  same  two  processes  obtain  in  the  evolution  of  beam 
forms.  There  is  on  the  one  hand  a  tendency  towards  the  use 
of  one  distinctive  type  of  shape,  but  there  is  on  the  other  hand 
a  constant  tendency  not  only  to  improve  upon  the  old  forms, 
but  also  to  bring  into  being  new  forms  which  will  more  exactly 
suit  the  conditions  which  obtain  in  bridge  and  building  con¬ 
struction.  It  is  by  reason  of  the  latter  process  that  a  multi¬ 
plicity  of  shapes  has  come  into  existence  which  are  used  for 
special  purposes  and  which  are  more  exactly  suited  to  those 
particular  uses  and,  therefore,  more  economical  than  any  other 
form  of  section. 

We  have,  therefore,  to  note  on  the  one  hand  the  process 
of  the  standardization  of  beam  shapes,  and  on  the  other  the 
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process  of  the  variation  in  the  general  type  of  beam  shapes,  both 
of  which  have  gone  on  since  the  very  beginning  of  their  manu¬ 
facture.  The  tendency  towards  standardization  of  beam  shapes 
takes  its  rise  largely  with  the  manufacturers  who  desire  to  re¬ 
duce  the  number  of  sections  which  they  have  to  roll  and  thereby 
to  attain  the  lowest  possible  cost  of  production;  the  tendency 
towards  variation  in  beam  shapes,  on  the  other  hand,  takes  its 
rise  with  the  user  who  finds  that  in  his  particular  line  of  fabri¬ 
cation  the  use  of  a  new  beam  shape  will  enable  him  more  ex¬ 
actly  and  economically  to  meet  competition.  Some  of  these 
new  sections  are  evanescent;  others  permanent.  In  any  event 
nature  in  the  process  of  nivelization  weeds  out  undesirable  or 
uneconomical  forms. 

1.  Standardization  of  Beam  Forms :  In  the  chaotic  con¬ 
ditions  always  incident  to  the  establishment  of  a  new  industry 
the  I-beam  sections  actually  rolled  by  the  early  mills  were 
designed  without  reference  to  each  other,  so  that  flange  widths, 
web  thicknesses,  slopes  and  the  size  of  fillets  varied  in  accord¬ 
ance  with  the  judgment  of  the  individual  designer.  There  was 
no  understanding  existing  between  them  to  minimize  the  num¬ 
ber  of  sections  or  to  make  them  uniform  in  design  so  that  the 
product  of  one  mill  might  exactly  replace  that  of  another.  The 
need  for  the  standardization  of  sections  was  first  felt  in  Ger¬ 
many  and  German  engineers  have  first  come  to  the  idea  of 
making  uniform  so-called  normal  profiles  for  rolled  steel.  At 
a  meeting  of  the  Technischer  Yerein  fur  Eisenhuttenwesen,  held 
in  December,  1876,  the  suggestion  was  made  for  the  first  time 
to  form  a  committee  to  be  entrusted  with  the  preparation  of  a 
manuel  for  the  computation  and  detailing  of  iron  buildings. 
This  suggestion  was  adopted  by  the  Verband  deutseher  Tn- 
genieure  und  Architecten  and  the  Yerein  deutseher  Ingenieure 
to  which,  up  to  May  30th,  1880,  the  metallurgical  engineers  also 
belonged  as  a  branch  society.  The  work  of  the  committee  was 
at  once  begun  under  the  direction  of  Professors  Ileinzerling 
and  Intze  (of  the  Aachen  Technical  High  School)  to  whom  the 
execution  of  the  work  was  committed.  The  first  normal  profiles 
for  equal  and  unequal  angles,  tees,  trough  plates,  Z-bars,  chan¬ 
nels  and  I-beams  were  unanimously  adopted  at  a  meeting  of 
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the  committe  held  on  August  23rd  and  24th,  1879.  The  intro¬ 
duction  of  normal  profiles  for  quadrant  iron  and  hand  rail  tees 
was  decided  later  and  that  at  the  general  meeting  of  the  Yerein 
deutscher  Ingenieure  on  August  25th  to  28tli,  1880,  in  Co¬ 
logne,  and  at  the  called  meeting  of  the  Yerband  deutscher  In¬ 
genieure  und  Architecten  on  September  18th  and  19th  of  the 
same  year  in  Weisbaden.  The  above  mentioned  metallurgical 
engineers  organized  themselves  in  May,  1880,  into  the  inde¬ 
pendent  Yerein  deutscher  Eisenhuttenleute.  This  brought  with 
it  a  corresponding  change  in  the  make-up  of  the  committee  for 
the  normal  profiles ;  in  the  place  of  the  previous  two  technical 
bodies  now  appeared  three,  each  of  which  chose  five  members 
in  the  committee. 

The  first  report  composed  by  the  directors  Heinzerling  and 
Intze,  Deutsche  Normalprofile  fur  Walzeisen,  Berlin,  1880,  was 
sent  by  the  two  first  named  technical  associations  in  2400  copies 
to  the  most  important  administrative  boards,  corporations  and 
persons.  The  high  and  highest  boards  of  Germany  invited 
simultaneously  to  approve  the  normal  profiles  all  answered  fa¬ 
vorably.  A  circular  inquiry  thereon  addressed  to  the  German 
rolling  mills  brought  out  not  only  the  greatest  willingness  on 
the  part  of  the  works  to  manufacture  the  normal  profiles,  but 
also  the  delightful  fact  that  at  different  German  mills  active 
steps  had  already  been  taken  towards  the  production  of  most 
of  the  shapes  decided  upon.  The  German  normal  profiles  were 
first  recognized  in  1881  by  the  Prussian  Minister  of  Public 
Works,  somewhat  later  by  the  Imperial  Naval  Board  and  speci¬ 
fied  for  use  in  state  and  marine  building  construction.  The 
same  normal  profiles  came  into  use  also  later  in  Austria-Hun¬ 
gary.  The  most  complete  information  on  the  German  profiles 
is  found  in  The  German  Normal  Profile  Book  for  Rolled  Shapes 
which  today  lies  before  us  in  the  sixth  edition  published  by 
La  Ruelle  in  Aachen.  The  first  edition  appeared  in  1881.  (G.  C. 
Mehrtens ’  Iron  Bridge  Building,  Yol.  I,  pages  81,  etc.) 

The  year  1881,  therefore,  marks  a  notable  date  in  the  his¬ 
tory  of  the  design  of  the  rolled  I-beam,  for  the  reason  that  in  the 
ultimate  analysis  the  I-beam  sections  recognized  as  standard 
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in  all  countries  owe  their  origin  to  the  experiments  and  in¬ 
vestigations  made  by  the  German  Standards  Committee. 

The  12  in.  and  15  in.  steel  beams  published  to  ue  rolled 
in  1884  by  Carnegie  Brothers  &  Company  conformed  to  the 
principles  upon  which  the  system  of  the  German  normal  profile 
sections  was  designed  with  such  modifications  as  were  made 
necessary  by  American  rolling  mill  practice.  The  same  funda¬ 
mental  principles  were  kept  in  view  as  new  rolls  were  prepared 
to  complete  the  series  of  sections  theretofore  rolled  in  iron. 
As  the  new  steel  sections  were  about  20  percent  lighter  than 
those  of  equivalent  strength  in  wrought  iron,  their  advantages 
were  recognized  by  engineers  and  architects,  with  the  conse¬ 
quence  that  the  steel  shapes  adopted  by  other  mills  conformed 
closely  to  those  rolled  by  the  Carnegie  Steel  Company  except 
in  such  minor  details  as  the  slope  of  flanges,  radius  of  fillets, 
minimum  weights,  etc.  The  process  of  standardization  was  has¬ 
tened  by  the  disappearence  of  the  wrought  iron  beam  as  a  com¬ 
mercial  entity  and  the  elimination  in  1894  of  the  rolling  of  in¬ 
termediate  weight  sections  in  single  pound  variations. 

The  Association  of  American  Steel  Manufacturers  was 
formed  at  Atlantic  City  on  August  9th,  1895.  Its  membership 
consisted  solely  of  steel  makers,  and  at  their  first  meeting  the 
president  was  instructed  to  appoint  two  committees  to  see  what 
could  be  done  in  the  way  of  uniformity  of  sections  and  weights 
of  shapes.  Messrs.  J.  Ogden  Hoffman,  Sales  Agent,  Carnegie 
Steel  Company,  Ltd.,  at  Philadelphia,  F.  H.  Saylor,  President 
Reading  Rolling  Mill  Company,  and  W.  Atkins,  Receiver,  Potts- 
ville  Iron  Company,  were  chosen  to  confer  with  the  eastern 
manufacturers;  while  Messrs.  Charles  L.  Taylor,  Special  Agent, 
Carnegie  Steel  Company,  Ltd.,  C.  S.  Price,  General  Manager, 
Cambria  Iron  Company,  and  W.  L.  King,  Secretary,  Jones  & 
Laughlin  Avere  to  do  the  same  in  the  west.  At  fhe  meeting  of 
the  Association  in  New  York  in  October  18th,  1895,  the  com¬ 
mittee  in  the  west  proffered  as  their  report  a  blueprint  which 
represented  proposed  sections  for  I-beams  and  channels  recom¬ 
mended  to  be  adopted  by  the  Association  and  to  be  known 
as  the  American  Standard  Sections.  The  suggestions  covered 
intermediate  weights  for  the  various  sections  as  well  as  mini- 


Minimum  Weight  15  in.  Beams  as  Rolled  by  Carnegie  Steel  Company. 
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mum  and  maximum  sections.  Flange  dimensions  were  fixed 
for  the  minimum  weights,  and  the  uniform  slope  of  flange  of 
15  percent  is  maintained  throughout  these  sections  for  both 
beams  and  channels. 

With  this  report  submitted  by  Messrs.  Taylor,  Price  and 
King  the  committee  in  the  east  did  not  entirely  agree,  and  Mr. 
Taylor,  Mr.  Price  and  Mr.  Percival  Roberts  were  appointed  a 
committe  with  power  to  act.  This  committee  reported  at  the 
meeting  held  in  Washington  on  January  17th,  1896,  and  the 
American  standard  beam  sections  which  they  recommended  were 
adopted  by  the  Association,  the  chief  change  being  in  the  in¬ 
crease  of  the  flange  slope  of  15  percent  to  16-2/3  percent,  or 
one  in  six.  Since  that  date  American  practice  has  followed 
recognized  standards  of  design,  and  the  satisfaction  which  the 
rolling  of  these  sections  has  given  to  both  manufacturer  and 
user  is  in  itself  the  best  evidence  of  their  conformity  to  stand¬ 
ards  of  engineering  excellence. 

An  intimation  of  the  changes  which  have  taken  place  in 
the  shape  and  weight  of  sections  is  given  in  Table  No.  I  which 
shows  the  American  Standard  15  in.  42  lb.  I-beam  and  its  im¬ 
mediate  predecessors  in  wrought  iron  as  rolled  by  the  Carnegie 
Steel  Company  and  its  predecessors.  Similar  tables  might  be 
drawn  up  for  other  sections,  but  an  examination  of  it  will  show 
that  the  general  tendency  in  beam  design  during  23  years  of 
manufacture  has  been  to  increase  the  width  of  the  flanges  and 
to  decrease  the  thickness  of  the  web. 

Excellent  as  have  been  the  results  which  have  followed  the 
adoption  of  these  standard  sections  by  the  Association  of  Am¬ 
erican  Steel  Manufacturers,  competent  designers  know  very 
well  that  the  mills  publish  to  roll  even  now  a  larger  number  of 
sections  than  is  absolutely  required  by  good  principles  of  de¬ 
sign.  It  is  very  seldom  necessary  to  use  anything  but  the  mini¬ 
mum  weight  sections  of  each  depth  and  the  use  of  other  weights 
is  accompanied  in  all  cases  by  a  loss  in  that  efficiency  which  is 
measured  by  the  proportion  of  weight  or  area  to  section  modu¬ 
lus. 

The  standardization  of  I-beam  sections  in  England  has 
followed  a  somewhat  similar  course  to  that  pursued  in  the 
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United  States,  with  the  exception  that  the  English  manufac¬ 
turers  have  gone  further  in  the  elimination  of  the  multiplicity 
of  shapes  and  in  the  simplification  of  use.  The  Engineering 
Standards  Committee  in  England  is  the  outcome  of  the  com¬ 
mittee  appointed  by  the  Institution  of  Civil  Engineers  at  the 
suggestion  of  Sir  John  Wolfe  Barry,  K.C.B.,  to  inquire  into 
the  advisability  of  standardizing  rolled  iron  and  steel  sections. 
The  Institution  of  Civil  Engineers  approached  the  Institution 
of  Mechanical  Engineers,  the  Institution  of  Naval  Architects 
and  the  Iron  and  Steel  Institute  to  appoint  representatives  on 
this  committee,  which  commenced  its  labors  in  April,  1901. 
and  was  further  extended  to  include  representatives  from  the 
Institution  of  Electrical  Engineers.  The  five  leading  technical 
institutions  received  also  the  support  of  the  Board  of  Trade 
(Railway  Department)  and  the  Lords  Commissioners  to  His 
Majesty’s  Treasury,  and  were  assisted  by  representatives  from 
the  Admiralty,  War  Office,  etc.,  etc. 

The  chairman  of  the  committee  on  bridges  and  general 
building  construction  was  Sir  Benjamin  Baker,  K.C.B..  and  the 
chairman  of  the  committee  on  sections  used  in  shipbuilding  was 
Mr.  Archibald  Denny,  the  official  representative  of  the  Insti¬ 
tution  of  Naval  Architects.  These  two  committees  had  to  deal 
with  the  entire  series  of  structural  sections,  and  their  member¬ 
ship  was  drawn  from  manufacturers  and  engineers  engaged  in 
shipbuilding  and  bridge  and  building  construction  and  in  the 
manufacture  of  railway  rolling  stock.  They  had  in  view  as 
their  object  to  decide  upon  a  series  of  sections  which,  on  the  one 
hand,  would  give  sufficient  gradation,  and  would,  on  the  other 
hand,  not  be  larger  than  could  possibly  be  avoided,  so  as  to 
reduce  to  a  minimum  the  number  of  rolls  which  the  steel  makers 
would  find  it  necessary  to  carry  in  stock.  The  list  entitled 
British  Standard  Sections  was  issued  in  February,  1903,  and 
since  that  date  English  practice  has  conformed  itself  thereto. 
The  beam  sections  in  their  minimum  weights  and  shallower 
depths  follow  fairly  ‘closely  to  the  American  Standard  Sections. 
Sections  over  15  in.,  however,  have  slightly  wider  flanges  and 
thicker  webs  with  consequent  increase  in  weight  ;  the  minimum 
18  in.,  20  in.,  and  24  in.  beams  weigh  75,  89  and  100  lb.  as  com- 
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pared  with  American  standard  minimum  weights  of  55,  65  and 
80  lb.  The  standard  list  of  beams  includes  only  30  sections, 
whereas  the  list  of  American  standard  sections  adopted  on  Jan¬ 
uary  17th,  1896,  contained  60,  not  including  the  four  weights 
of  18  in.  beams  afterwards  added  to  the  list. 

2.  Variations  in  Beam  Forms :  As  already  intimated, 
concurrently  with  the  process  of  standardization  in  the  use  of 
metallic  beam  sections  there  has  gone  forward  also  a  process 
of  differentiation,  resulting  in  the  manufacture  of  a  number  of 
sections  intended  in  the  first  instance  for  specific  uses  and  largely 
to  resist  compressive  stresses  rather  than  cross  bending. 

In  1885  the  Darlington  Iron  &  Steel  Company  began  to 
manufacture  sections  especially  adapted  for  roof  beams  in  the 
place  of  wood  in  pit  workings  and  for  steel  props  in  sup¬ 
porting  the  roofs  of  mines.  These  beams  were  5  in.  and  6  in. 
deep  with  flange  widths  of  4  in  and  4*4  in.  and  with  web 
thickness  of  %  in.  and  *4  in.,  and  came  into  immediate  use  for 
mine  timbering  purposes.  They  were  in  use  in  1885,  for  ex¬ 
ample,  in  the  Norfolk  Mines  in  the  Midland  District,  and  in 
1886  at  the  Nunnery  Colliery,  Sheffield.  In  1892  Mr.  J.  John¬ 
son  described  his  experience  with  them  in  the  Transactions  of 
the  Manchester  Geological  Society.  In  1905  their  extensive  use 
at  the  Sandwell-Park  Colliery,  West  Brownwich,  England,  was 
noted  by  Meyer  in  his  Mining  Methods  in  Europe,  and  in  in¬ 
troduction  of  this  line  of  section  accounts  to  a  large  extent  for 
the  use  of  metallic  timbering  in  English  mines. 

These  near  H-beams,  as  they  would  be  called  today,  have  been 
used  extensively  in  England  and  on  the  Continent.  In  1895 
Dorman,  Long  &  Company,  Ltd.,  Middlesborough,  England, 
rolled  sections  .3  in.  deep  with  3  in.  flange  width,  5  by  4T\  in., 
5  by.  41/2  in.,  5  by  5  in.,  6  by  \.)/2  in.,  6  by  5  in.,  8  by  6  in.  and 
9  by  7  in.  Similar  sections  were  rolled  in  Belgium,  Germany, 
etc.  They  were  used  principally  for  the  posts  of  light  highway 
bridges  and  some  tonnage  of  them  came  this  side  of  the  At- 
latic.  The  writer  worked  on  shop  detail  drawings  for  high¬ 
way  bridges  using  this  type  of  section  for  posts  in  1897  at  the 
works  of  the  Central  Bridge  &  Engineering  Company,  at  Peter¬ 
borough,  Canada.  The  Engineering  Standards  Committee  took 
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cognizance  of  this  condition  of  affairs  by  including  in  their 
list  of  30  standard  beams : 

BSB — 2  —  3  bv  3  in.  bv  8.5  lb. 

%/  «/ 

BSB — 4  —  4  bv  3  in.  bv  9.5  lb. 

BSB — 7  —  5  by  4 y2  in.  by  18  lb. 

BSB — 9  —  6  by  4*4  in.  by  20  lb. 

BSB — 10 —  6  by  5  in.  by  25  lb. 

BSB — 14 —  8  by  6  in.  by  35  lb. 

BSB — 16 —  9  by  7  in.  by  58  lb. 

BSB — 19 — 10  bv  8  in.  bv  70  lb. 

»/  *' 

The  first  appearance  of  these  near  H-beams  in  steel  manufac¬ 
turers’  publications  in  the  United  States,  known  to  the  writer, 
is  in  the  1888  manual  of  the  Pencoyd  Iron  Works,  where  are 
shown  two  sections  of  wide  flange  beams — a  6  by  4%  in.  by  32.3 
lb.  and  a  6  by  5^4  in  by  41  lb.  The  H-beam  proper  appears 
first  in  a  blueprint  list  issued  by  the  Phoenix  Iron  Company 
in  1900,  where  are  shown  three  stanchion  sections — one  4  by 
4  in.  by  12.2  lb.,  one  5  by  4^2  in.  by  18.23  lb.  and  one  5  by  5  in. 
by  24.23  lb.  In  the  1906  Handbook  of  this  company,  page  31, 
the  5  by  4^4  in.  and  the  5  by  5  in.  only  are  shown,  and  the 
probabilities  are  that  the  rolling  of  the  4  by  4  in.  had  been  dis¬ 
continued.  From  the  caption  of  this  page  the  writer  under¬ 
stands  that  these  sections  were  rolled  largely,  if  not  entirely, 
for  shipbuilding  purposes. 

The  first  line  of  H-beams  with  regular  sequence  rolled  in 
the  United  States  were  placed  on  the  market  by  the  Carnegie 
Steel  Company  in  1907.  The  dates  on  which  these  beams  were 
first  rolled  are  as  follows : 

4  in.  13.6  lb. — November  11th,  1907. 

5  in.  18.7  lb. — December  4th,  1907. 

6  in.  23.8  lb. — October  23rd,  1907. 

8  in.  34  lb. — November  18th,  1907. 

These  sections  are  of  equal  dimensions  each  way,  the 
flange  width  being  equivalent  to  the  depth,  and  the  intention  in 
their  production  was  to  do  exactly  for  the  timbering  of  mines 
what  had  been  done  in  England  by  the  Darlington  Iron  &  Steel 
Company  in  1885.  The  success  which  has  attended  their  roll¬ 
ing  illustrates  their  peculiar  fitness  for  this  purpose.  It  is  fair 
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to  say,  however,  that  owing  to  their  comparatively  large  radius 
of  gyration,  numbers  of  them  have  come  into  use  for  light 

columns. 

As  already  mentioned,  the  first  beams  rolled  in  the  United 
States  were  rolled  on  a  mill  having  three  vertical  rolls.  Most  of 
the  earlier  sections,  however,  were  rolled  on  a  two-high  mill,  such 
as  had  been  used  in  the  rolling  of  rails.  The  unsatisfactory 
performance  of  the  two-high  rail  mill  at  Johnstown  moved  John 
Fritz,  Chief  Engineer  of  the  Cambria  iron  Company,  to  devise 
the  three-high  mill,  and  the  first  rail  was  rolled  on  it  on  the  29th 
day  of  July,  1857.  The  introduction  of  the  three-high  mill 
gave  the  Cambria  Iron  Company  a  rail  plant  far  in  advance 
of  any  other  plant  in  the  world,  and  the  use  of  the  three-high 
mill  has  been  extended  since  that  day  to  the  rolling  of  all  kinds 
of  sections,  so  that  today  it  is  the  standard  mill  for  rolling 
structural  shapes.  It  has  been  very  much  improved  of  course 
since  the  date  of  its  first  introduction,  and  it  is  capable  of  still 
further  improvement  by  the  use  of  rolls  of  greater  weight  and 
larger  diameter,  by  the  use  of  the  angular  method  of  turning 
rolls,  etc.,  so  that  on  this  type  of  mill  it  is  possible  economically 
to  produce,  should  need  require,  I-beam  sections  of  greater  depth, 
wider  flange  width  and  thinner  web  thickness  than  has  ever  been 
accomplished.  In  fact  it  cannot  yet  be  said  that  we  have 
reached  the  limit  of  economical  production  on  this  type  of  mill. 

The  important  question  whether  it  is  not  possible  to  roll 
wide  flange  I-girders  in  the  same  way  as  the  German  normal 
profiles  has  already  been  answered  in  Germany  in  the  affirma¬ 
tive.  Girders  of  about  10  in.  in  height  and  the  same  in  flange 
width  have  been  made  there  without  difficulty  on  the  regular 
grooved  rolls  of  the  three-high  mill,  but  the  difficulties  increase 
with  the  depth  of  the  beam,  for  then  the  ordinary  roll  bodies 
and  diameters  are  not  sufficient  because  for  the  right  distribu¬ 
tion  of  the  compressive  resistances  a  great  number  of  grooves 
are  necessary.  If,  however,  the  roll  trains  are  built  with  a  great 
number  of  stands,  then  it  is  possible  to  form  the  many  grooves 
continuously.  This  Holzweiler  has  proven  in  Hot  Erde  near 
Aachen.  (G.  C.  Mehrtens’  Iron  Bridge  Building,  Yol.  I, 
page  91.) 
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The  commencement  of  the  present  century,  however,  is 
marked  by  the  introduction  of  the  Universal  Beam  Mill,  which 
presents  some  merits  in  the  way  of  flexibility  in  rolling  beam 
sections,  both  as  to  width  of  flange  and  depth  of  beam. 

Perhaps  40  years  ago  the  French  works  Petin,  Gaudet  & 
Company,  in  Rive  de  Gier,  introduced  a  method  by  which  the 
beam  was  made  on  a  Universal  rolling  mill  so  that  one  pair  of 
rolls  formed  the  web  and  another  the  flange.  There  are  also 
a  number  of  patents  on  Universal  Beam  Mills;  issued  to  J.  S. 
Seaman,  of  Pittsburgh,  in  1885 ;  to  Hugo  Sack  in  1887 ;  to 
Julian  Kennedy,  of  Latrobe,  and  Henry  Aiken,  of  Homestead, 
in  1889;  to  Levi  D.  York,  of  Portsmouth,  Ohio,  in  1 889  and 
1894 ;  to  Henry  Grey,  of  Duluth,  Minn.,  in  1889  and  1897 ;  to 
Henry  Aiken,  of  Homestead,  in  1890;  to  E.  M.  Butz,  of  Pitts¬ 
burgh  in  1893,  to  Peter  M.  Weber,  of  Homestead,  in  1900,  re¬ 
issued  in  1906. 

On  page  431  of  the  Journal  of  the  Iron  and  Steel  Institute, 
Yol.  II,  1889,  it  is  stated  that  the  Universal  Mill  patented  by 
J.  S.  Seaman,  of  Pittsburgh,  had  been  successfully  employed 
in  rolling  8  in.  beams.  Mr.  James  E.  York,  in  a  paper  on  steel 
rails  read  before  the  New  Haven  meeting  of  the  American  In¬ 
stitute  of  Mining  Engineers  in  February,  1909,  and  published 
in  the  Transactions,  Yol.  XL,  claims  that  in  1893  he  made  on 
the  York  Universal  Mill,  at  Duluth,  the  first  steel  beams  rolled 
universally  in  the  United  States,  and  that  these  beams  were 
tested  by  C.  L.  Strobel  at  Chicago.  The  first  successful  opera¬ 
tion,  however,  of  the  Universal  Beam  Mill  on  a  commercial  scale 
is  that  of  the  mill  constructed  at  Differdingen,  Germany,  by 
the  Deutsch-Luxemburgisch  Bergwerks  und  Hutten-Aktienge- 
sellschaft  under  the  patents  of  Henry  Grey  in  the  years  1900 
and  1901.  This  mill  was  placed  in  operation  in  1902,  and  in 
addition  to  rolling  the  German  normal  profile  sections,  it 
rolled  also  the  wide  flange  Differdingen  girder  beams  and  H- 
beams.  On  this  mill  in  1908  were  produced  H-beam  sections 
180  by  180  mm.  to  300  by  300  mm.,  and  wide  flange  girder 
beams  300  mm.  wide  by  320  mm.  to  750  mm.  deep. 

The  next  Universal  Beam  Mill  is  that  built  by  the  Bethle¬ 
hem  Steel  Company  at  South  Bethlehem,  Pa.,  under  the  Grey 
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patents.  In  their  pamphlet  issued  in  January,  1907,  the  Bethle¬ 
hem  Steel  Company  said  that  their  new  structural  mills  would 
be  in  operation  in  July,  1907,  and  by  the  end  of  1908  the  entire 
line  of  Bethlehem  girder  beams,  H-beams  and  special  I-beams 
had  been  placed  on  the  market.  It  will  be  noted  that  while  the 
Differdingen  mill  began  to  roll  the  German  Normal  Profiles  in 
conjunction  with  the  H-beams  and  the  wide  flange  girder  beam, 
the  Bethlehem  Steel  Company  has  never  rolled  the  American 
standard  sections  on  their  Universal  Beam  Mill  but  have  sub¬ 
stituted  therefor  a  new  line  of  sections  varying  in  depth  from 
8  in.  to  30  in.  and  in  flange  width  from  5%  in.  to  10^2  in.,  with 
webs  thinner  than  the  American  standard  sections. 

Mr.  G.  E.  Moore  in  his  paper  read  before  the  Iron  and  Steel 
Institute  in  1910  on  the  manufacture  of  rolled  H-beams,  publish¬ 
ed  under  date  of  September  30th,  1910,  in  Engineering,  inti¬ 
mated  that  extensive  trials  had  been  carried  on  at  the  Rombach 
Iron  Works,  in  Rombach,  Lothringen,  in  the  construction  of  a 
Universal  Beam  Mill  along  the  lines  patented  by  Mr.  Hugo 
Sack,  though  at  present  the  writer  is  not  informed  as  to  wheth¬ 
er  the  mill  referred  to  has  come  into  successful  operation  in  the 
commercial  production  of  these  types  of  I-beams. 

BEAM  AND  GIRDER  DESIGN  AS  REFLECTED  IN  PATENTS 

From  a  consideration  of  the  history  of  the  actual  manu¬ 
facture  of  beams  and  girders  we  turn  now  to  discuss  what  the 
files  of  the  United  States  patent  office  have  to  offer  as  to  the  pro¬ 
gress  of  invention. 

The  application  date  of  a  patent  fixes  the  time  of  an  in¬ 
vention  within  narrow  limits,  as  inventors  usually  lose  no  great 
amount  of  time  in  placing  their  inventions  on  record;  neither  as 
a  rule  is  much  more  than  a  year  consumed  by  the  patent  office 
in  the  necessary  investigations  preliminary  to  issue.  The  pat¬ 
ent  office  record  is  a  dated  record  and,  therefore,  is  of  value 
as  reflecting  the  status  of  manufacture  at  a  particular  period  of 
time  which  is  fixed  in  a  positive,  definite  manner.  It  serves  also 
to  retain  for  historic  uses  the  names  of  men  who  have  contributed 
to  the  development  of  an  industry  and  the  ideas  those  men  had 
of  the  state  of  the  art  and  the  means  for  its  improvement.  The 
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patent  office  record  is,  therefore,  an  invaluable,  though  it  must 
be  said  not  very  much  appreciated,  aid  to  the  historic  investi¬ 
gation  of  science  as  applied  to  manufacture. 


In  this  discussion  no  endeavor  is  made  to  separate  beams 
from  built  up  girders,  and,  in  fact,  when  it  comes  to  the  ultimate 
analysis,  the  distinction  between  them  is  but  an  incident  of 
methods  of  manufacture  and  not  an  important  consideration 
from  the  standpoint  of  actual  use. 

1.  Composite  Beams  and  Girders :  Fig.  3.  The  transition 
from  the  use  of  one  kind  of  structural  material  to  that  of  an¬ 
other  is  marked  in  every  line  of  production  by  the  appearance  of 
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composite  forms  in  which  endeavors  are  made  to  utilize  the  mer¬ 
its  of  both.  It  is  doubtful,  for  example,  whether  even  today 
the  use  of  the  flitch  plate  wooden  girder  has  entirely  ceased.  In 
1875  Adam  Hay,  of  Newark,  N.  J.,  proposed  to  unite  wrought 
iron  and  cast  iron  in  the  formation  of  box  girders  for  walls, 
store  fronts,  etc.,  so  as  to  obviate  the  difficulties  and  expense  of 
making  large  castings,  and  to  increase  the  strength  of  the  whole 
without  much  if  any  increase  in  cost  over  that  of  cast  iron. 
Patent  164,734  of  1875  shows  his  idea,  a  three-piece  beam  with  a 
cast  iron  bottom,  B,  and  wrought  iron  sides,  A,  connected  by 
bolts  through  cast  separators,  C,  which  might  be  dovetailed  into 
the  bottom  castings  or  cast  integral  therewith.  It  will  be  seen 
that  these  girders  had  no  compressive  flanges;  so  next  year  in 
Patent  179,114  Mr.  Hay  shows  his  increased  skill  in  beam  design 
by  the  addition  of  angles  E,  or  channels  F,  bolted  to  his  side 
plates  A,  which  combination  in  connection  with  his  bottom 
casting  B  now  gives  him  a  finished  box  beam  and  one  fit  for  use 
except  that  its  tension  flange  is  cast  iron  and  his  best  material 
is  not  in  its  right  place. 

The  fitness  of  steel  for  structural  uses  was  known  in  1876 
but  its  high  price  gave  Mr.  Charles  P.  Haughian,  of  Brooklyn, 
N.  Y.,  some  concern;  so  he  took  out  Patent  183,160  for  Improve¬ 
ments  in  Composite  Metallic  Girders  in  which  he  proposes  to 
combine  in  the  manufacture  of  beams,  plates  and  girders,  for 
architectural,  engineering  and  shipbuilding  purposes,  the  capa¬ 
city  of  steel  for  resisting  great  tension  and  compression  with  the 
toughness  and  other  desirable  qualities  of  wrought  iron,  by  plac¬ 
ing  plates  of  wrought  iron  and  steel  alternately  in  a  pile,  heating 
them  in  a  furnace  to  a  welding  heat,  and  then  passing  them 
through  rolls  adapted  to  reduce  them  to  the  desired  dimensions 
and  shape,  thus  producing  a  structure  possessing  tensile 
strength,  stiffness  and  the  capacity  to  resist  crushing  forces  in 
such  a  high  degree  that  a  much  lighter  beam  can  be  used  and 
larger  spans  covered  than  would  be  practicable  with  iron  beams 
or  girders.  Mr.  Haughian  states  that  his  invention  is  applicable 
to  the  formation  of  all  parts  of  truss  frames,  beams,  girders  and 
other  structures  whether  rolled  complete  or  formed  of  plates, 
angles,  tees  or  channels  of  compound  welded  steel  and  iron. 
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and  that  he  prefers  to  use  chrome  steel  on  account  of  its  su¬ 
perior  welding  qualities.  The  heavy  lines  in  the  figures  show 
the  steel,  and  his  drawings  show  three  different  modes  of  ap¬ 
plication  to  the  manufacture  of  five  kinds  of  sections;  I-beams, 
built  beams,  channels,  angles  and  tees. 

Mr.  Job  Johnson,  a  fellow  citizen  of  Mr.  Haughian,  was  im¬ 
pressed  with  the  merits  of  pipe  for  making  the  web  portion  of 
tubular  girders  and  beams.  Patent  192,170,  dated  June  19th, 
1877,  shows  his  idea.  He  employed  longitudinal  tubes  placed 
one  above  the  other  and  connected  by  vertical  truss  plates  which 
were  recessed  to  fit  the  sides  of  the  tubes,  longitudinal  tie  bars 
at  each  side  of  the  truss  plates  to  connect  them  and  to  retain 
them  in  position  upon  the  tubes,  longitudinal  angle  iron  bars  to 
form  top  and  bottom  chords,  diagonal  brace  bars  to  transmit 
concentrated  loads  from  top  to  bottom  flange  so  as  to  distribute 
the  load  upon  the  girder,  and  cast  iron  end  bearing  blocks.  This 
would  doubtless  have  made  an  economical  girder  if  he  had  also 
invented  some  simple  method  of  stress  computation  which  would 
permit  the  rational  proportioning  of  the  members.  There  may 
be  some  significance  in  the  name  Job  in  this  connection. 

The  practical  difficulties  in  the  way  of  nailing  wood  floors, 
etc.,  to  metal  joists  moved  Mr.  Webster  W.  Martin,  of  Boston, 
Mass.,  to  devise  beams  made  of  wood  covered  on  three  sides  by 
iron  or  steel  plates  bent  in  one  piece  or  placed  between  two  chan¬ 
nels  with  flanges  turned  in.  In  this  way  he  combined  the 
strength  of  the  iron  with  the  advantages  of  the  all  wood  beam  in 
that  one  or  more  sections  of  the  wood  were  left  exposed  as  a 
means  of  forming  an  attachment  of  fastening  by  nailing.  Mr. 
Martin’s  Patent  320,079  was  issued  in  1885;  there  is  no  informa¬ 
tion  at  hand  as  to  how  much  royalty  Mr.  Martin  received  from 
the  scores  of  people  who  have  used  wood  fillers  in  building 
work. 

The  same  considerations  underlie  the  patents  taken  out  by 
Mr.  Henry  C.  Hodges,  of  Detroit,  Mich.,  in  1888  and  1890,  Nos. 
385,624  and  420,201,  except  that  Mr.  Hodges  came  a  great  deal 
closer  to  the  modern  use  in  which  the  metal  takes  all  the  stress 
and  the  wood  is  used  purely  for  connecting  purposes;  Mr.  Mar- 
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tin,  however,  utilized  it  in  large  sizes  to  resist  stress,  just  as 
Mr.  Hodges  does  in  his  later  patent. 

The  scriptural  admonition  is  not  to  plow  with  the  ox  and 
the  ass  together,  and  the  point  is  a  good  one  in  beam  design. 
The  composite  beam  is  a  thing  of  the  past  except  in  so  far  as 
we  have  to  do  with  reinforced  concrete.  In  that  instance  con¬ 
ditions  are  somewhat  different  and  in  any  event  we  are  not  now 
in  a  position  to  write  its  history. 

Mr.  Benjamin  F.  Davis’s  Straining  Beam,  patented  in  1883, 
is  illustrated  here,  though  it  is  not  a  composite  beam.  Mr. 
Davis  says  he  is  aware  compression  members  of  bridges  have 
been  made  of  three  rails  fastened  rigidly  together  so  as  to  form 
a  compound  beam  but  not  in  his  combination  of  the  rails  A,  the 
bars,  B,  the  pipe  C,  the  bolt  D  and  the  metal  end  plugs  FF  so 
as  to  “combine  the  maximum  of  strength  with  the  minimum  of 
weight” — that  will-of-the-wisp  -which  ever  draws  men  away 
from  good  solid  ground  into  quagmires. 

2.  Three-Piece  and  Rivetless  Beams  and  Girders :  Fig.  4: 
In  its  issue  of  February  27th,  1903,  The  Engineer  (London) 
commenting  on  the  rolling  of  wide  flange  girder  beams  at  Diff- 
erdingen,  says: 

“The  idea  of  constructing  solid  girders  of  great  depth  with 
broad  flanges  is  not  new.  The  making  of  cast  iron  girders  may 
be  left  aside.  Cast  iron  girders  have  been  tried  and  found  want¬ 
ing.  From  1860  to  1874,  possibly  earlier  than  1860,  solid  gird¬ 
ers  of  wrought  iron  of  good  flange  width  were  in  regular  use  in 
sections  20  in.  high  with  10  in.  flanges,  and  frequently  30  in. 
high  with  10  in.  flanges.  They  were  employed  by  that  eminent 
engineer,  W.  H.  Barlow,  and  some  are  to  be  found  in  the  struct¬ 
ure  of  the  St.  Pancras  Station  of  the  Midland  Railway.  These 
wrought  iron  girders  of  great  size  were  made  by  welding  up 
10  in.  by  10  in.  tee  pieces,  two  together  for  20  in  by  10  in. 
girders.  Larger  sizes  wTere  made  by  welding  a  flat  bar  in  be¬ 
tween  the  double  tees.  The  process  was  tedious  and  costly. 
When  wrought  iron  fell  rapidly  in  price,  girders  could  be  built 
up  from  plates,  angles,  rivets,  etc.,  at  a  lower  cost  per  ton  than 
welded  up  solid  girders.  It  is  true  that  the  built  up  girder  was, 
strength  for  strength,  of  greater  weight  per  foot  run  than  the 
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welded  girder,  and  involved  tlie  use  of  metal  where  it  was  less 
effective  or  totally  ineffective.  But  the  commercial  element 
overcame  the  scientific  element  and  the  solid  welded  up  wrought 
iron  girder  was  displaced.  It  has  taken  over  thirty  years  to 
get  solid  girders  made  of  mild  steel  equal  in  size  and  capacity  to 
those  produced  at  the  Butterly  Works  in  wrought  iron.” 
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Fig.  4.  Three  Piece  and  Rivetless  Beams  and  Girders. 


During  this  period  the  rolling  mill  man  was  not  idle.  He 
had  difficulties  of  his  own  but  he  has  overcome  them  and  the 
marks  of  his  progress  in  their  solution  is  worth  our  attention. 
Anton  Kloman,  of  Pittsburgh,  Pa.,  a  partner  in  the  firm  of 
Carnegie,  Kloman  &  Company,  whose  forge  at  Girty’s  Run  was 
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the  nucleus  from  which  the  Carnegie  Steel  Company  has 
grown,  took  out  on  January  15th,  1875,  United  States  Patent 
164,379  for  Improvements  in  the  Manufacture  of  Metallic 
Beams  and  Girders.  The  form  of  his  girder  is  indicated  in 
Fig.  4  and  the  essential  idea  was  to  roll  the  beam  in  three  pieces 
and  to  close  them  together  by  hydraulic  or  other  pressure  or  by 
the  use  of  an  arrangement  of  suitably  grooved  rolls.  The 
utility  of  this  improvement  arose  from  the  fact  that  there  was 
a  growing  demand  for  heavy  steel  beams  of  great  length,  say 
from  50  to  70  feet,  and  it  was  at  that  time  almost  a  practical 
impossibility  to  keep  such  masses  of  steel  of  such  weight,  length 
and  irregular  form  at  a  working  heat  until  finished  by  rolling, 
whereas  by  thus  rolling  them  in  sections  and  uniting  the  sec¬ 
tions  as  described,  a  beam  possessing  the  necessary  require¬ 
ments  could  be  produced  without  material  difficulty. 

Mr.  John  L.  Nostrand,  of  Brooklyn,  X.  Y.,  also  grappled 
with  the  same  problem  in  his  Patent  178.076,  issued  May  30th, 
1876,  except  that  the  three  pieces  of  his  beam  were  to  be  con¬ 
nected  by  rivets  or  holts  in  the  process  of  fabrication  instead 
of  being  welded  together  in  the  process  of  manufacture.  He 
also  intended  the  web  to  bear  on  the  flange  pieces.  By  this  con¬ 
struction  beams  of  a  greater  strength  can  be  made  by  using  the 
same  quantity  of  iron,  or  of  an  equal  strength  by  using  a  less 
quantity  of  iron  than  when  the  ordinary  construction  is  used. 
By  this  construction  also  the  strain  is  transferred  from  the 
rivets  to  the  shoulders  of  the  heads,  against  which  the  edges  of 
the  web  rest,  so  as  to  greatly  increase  the  power  of  resistance. 
It  is  obvious  that  with  a  given  head  piece  a  large  number  of 
depths  is  possible  and  the  idea,  therefore,  is  one  of  much  flexi¬ 
bility. 

The  system,  however,  does  not  seem  to  offer  many  advant¬ 
ages  when  comparison  is  made  with  that  of  the  girder  fabricated 
from  plates  and  angles  and  does  not  seem  to  have  made  any 
impression  on  the  United  States.  On  pages  48  and  49,  how¬ 
ever,  of  the  Section  Book  published  in  1900  by  Redpath,  Brown 
&  Company,  Ltd.,  Edinburgh,  Scotland,  are  to  be  found  tables 
of  the  dimensions,  properties  and  safe  loads  of  flange  bar  section 
girders  of  the  Nostrand  type,  in  widths  of  7  and  10  in.  and 
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depths  from  8  to  26  in.,  indicating  their  actual  manufacture. 

Bolts  and  rivets  are  quite  useful  members  of  society.  They 
cost  money  and  we  would  like  often  to  do  without  their  company 
but  it  is  astonishing  how  seldom  we  succeed  in  so  doing  when  the 
work  is  of  any  size  or  importance.  The  rivetless  column  appear¬ 


ed  in  the  Carnegie  Pocket  Companion  in  1876  as  patented  by 
John  L.  Piper  (138,817)  on  May  13th,  1873,  and  the  Patent 
Office  issued  another  patent  on  the  same  thing  on  September 
29th,  1874,  to  Joseph  L.  Chapman,  of  Philadelphia,  (155,493), 
and  still  another  on  February  26th,  1907,  to  Mr.  Thomas  H. 
Gillespie  (845,350),  well  known  as  the  maker  of  lock  bar  pipe. 
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The  rivetless  beam  meets  us  again  after  Kloman’s  time  in  pat¬ 
ents  608,861  and  611,202  issued  in  1898  to  Charles  M.  Horton, 
of  Superior,  Wis.,  and  as  late  as  1905  in  patent  804,598  issued 
to  Edwin  Hancox,  of  Stockton  on  Tees,  England.  Mr.  Horton 
proposed  to  apply  to  the  flanges  of  an  I-beam  or  plurality  of 
I-beams,  channel  plates  or  pieces  with  or  without  flanges,  said 
channel  plates  or  pieces  being  provided  with  channel  walls  or 
ribs  adapted  to  be  rolled  upon  the  flanges  of  the  I-beams  while 
in  a  heated  condition  so  as  to  bind  the  parts  together  without 
the  use  of  rivets  or  bolts.  Mr.  Hancox ’s  system  is  an  interlock¬ 
ing  one  pure  and  simple. 

3.  Compound  Beams  and  Girders :  Fig.  5 :  A  composite 
beam  or  girder  is  one  in  which  the  beam  or  girder  is  a  unit 
composed  of  different  materials,  either  rolled  integral,  as  in  the 
case  of  a  beam,  or  built  up  by  the  ordinary  processes  of  fabri¬ 
cation,  as  in  the  case  of  a  girder.  The  ordinary  method  of 
connecting  beams  or  channels  into  a  compound  girder  by  the 
use  of  bolts  and  separators  does  not  make  the  structure  a  unit, 
especially  when  subject  to  transverse  bending  loads  from  one 
side.  In  patent  132,087,  of  1872,  Mr.  Charles  H.  Latrobe,  of 
Baltimore,  Md.,  widely  known  as  a  consulting  engineer  with 
particular  experience  in  bridge  building,  endeavored  to  combine 
beams  and  channels  by  means  of  rivets  so  as  to  form  cnords, 
posts  or  beams  which  should  resist  compressive  or  transverse 
stresses,  or  both,  as  though  they  were  a  unit,  or  as  nearly  so  as 
possible.  He  did  this  by  driving  rivets  vertically  through 
holes  punched  or  drilled  in  the  meeting  edges  of  the  beams  or 
channels,  and  horizontally  through  holes  drilled  or  punched 
in  the  webs  of  the  beams  or  channels,  using  gas  pipe  thimbles 
where  necessary.  These  thimbles  acted  as  separators  to  sus¬ 
tain  the  thin  webs  of  the  beams  or  channels  and  to  prevent  the 
injurious  buckling  of  the  rivets  during  the  process  of  driving. 
He  also  contemplated  the  use  of  bolts  instead  of  rivets,  in  which 
case  the  ends  of  the  bolts  were  to  be  upset.  It  will  be  noted 
that  the  double  beam  girders  are  not  united  by  rivets  or  bolts 
through  their  flanges,  but  that  the  whole  stress  comes  on  the 
long  rivets  or  bolts. 

In  1875  the  rolling  of  beams  had  not  reached  perfection. 
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Mr.  William  S.  Sampson,  of  New  York,  tells  us  in  patent  158,983 
that  “the  present  I-beam  (so-called)  of  commerce  is,  in  cross 
section,  a  thick  vertical  stem  with  top  and  bottom  flanges  of 
equal  dimensions.  The  weakest  points  in  this  beam  are  at 
the  junction  of  the  flanges  with  the  stem  and  at  the  center  of 
the  stem  itself.  The  excessive  cost  of  this  form  of  beam  con¬ 
sists  in  the  expensive  equipment  in  furnaces,  rolls,  labor  and  im¬ 
mense  driving  power  necessary  to  manipulate  rapidly  large 
pieces  of  metal  in  one  mass,  and  in  addition  thereto  there  is  no 
guarantee  or  safety  against  possibilities  of  failure  in  perfect 
welding  at  one  heat. ’  ’  To  avoid  this  excessive  cost  he  takes  ad¬ 
vantage  of  “a  settled  principle  in  the  strain  of  metals  that  a 
compound  of  plates  has  a  percentage  of  greater  strength  than 
the  same  cross  section  of  inches  when  solid,”  and  builds  his 
compound  iron  beams  of  a  multiplicity  of  plates  which  might 
be  either  of  iron  or  steel  and  rolled  as  thin,  for  greater  relative 
strength,  as  might  be  found  practicable  from  and  by  actual 
tests.  The  top  flanges  to  be  made  of  cast  iron,  the  lower  flanges 
of  wrought  iron.  The  flanges  and  the  center  of  the  stem  of 
this  beam  he  says  are  each  as  strong  as  any  other  portion,  and 
when  under  strain,  the  beam  has  no  lateral  inclination.  The 
weak  points  in  a  solid  rolled  beam  at  the  extremity  of  the 
flanges  and  at  the  center  of  the  stem  he  fortifies  by  the  simple 
curving  of  the  two  exterior  plates.  The  position  of  these  plates 
is  such  that  the  crown  of  the  arches  of  each  supports  the  center 
of  the  stem  and  thereby  precludes  all  possibility  of  its  buckling, 
and  the  edges  of  each,  which  are  practically  the  feet  of  the  arches, 
constitute  a  direct  bracket  support  for  the  flanges.  To  hold 
the  exterior  plates  in  position,  triangular  metal  brackets,  H, 
are  inserted  between  the  vertical  central  plates  and  the  curved 
exterior  plates.  The  series  of  plates  are  tied  together  at  the 
center  by  bolts  and  at  the  top  either  by  rivets  spaced  in  the 
usual  manner,  or  else  by  means  of  clamps  spaced  every  so  often. 
Mr.  Sampson  actually  constructed  a  beam  of  this  form,  sub¬ 
mitted  it  to  an  official  test  and  found  that  a  compound  6  in. 
beam  constructed  on  his  plan  sustained  27  percent  more  weight 
than  an  ordinary  9  in.  I-beam. 

It  is  evident  from  reading  Mr.  Sampson’s  patent  that  in 
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1875  certain  facts  recently  re-discovered  were  known  about 
I-beams : 

1.  That  the  weakest  point  in  the  beam  is  at  the  junction 
of  the  web  and  flanges. 

2.  That  a  beam  with  a  thin  web  is  a  certain  percentage 
stronger  in  proportion  to  its  cross  section  than  a  beam  with  a 
thicker  web,  the  reason  for  this  being  that  the  fibers  of  the 
metal  of  the  thinner  web  have  been  manipulated  more  in  pro¬ 
portion  to  their  volume  than  the  fibers  of  the  thicker  web. 

Mr.  Sampson  also  hints  that  in  an  I-beam  the  flanges 
sometimes  break  away  from  the  web  by  reason  of  the  sinking  of 
foundations  or  unequal  strains  from  loading.  This  condition 
of  imperfect  rolling  he  considered  to  be  corrected,  and  rightly 
so,  by  the  use  of  his  compound  I-beam  section. 

In  patent  176,307,  issued  to  Richard  A.  Healy,  of  Paterson, 
N.  J.,  in  1876,  we  meet  the  compound  girder  made  up  of  sec¬ 
tions  mortised  and  tenoned  into  each  other  and  fastened  to¬ 
gether  by  bolts  or  rivets.  This  the  writer  thinks  is  the  first 
case  of  the  invention  of  what  might  be  called  the  universal 
shape,  the  idea  of  which  is  to  build  up  compound  forms  by  means 
of  interlocking  and  interfitting  integral  sections.  Mr.  Healy 
says  that  each  of  his  sections  can  be  rolled  to  as  large  dimen¬ 
sions  as  hitherto  a  complete  girder  could  have  been  rolled,  and 
by  the  combination  of  these  shapes,  therefore,  deep  girders  are 
practicable  without  necessity  for  multiplicity  of  rolls  or  rolled 
sections. 

The  extension  of  the  universal  idea  is  seen  in  patents 
741,421,  742,809  and  749,507,  issued  in  1903  and  1904  to  George 
A.  Weber,  of  New  York,  N.  Y.  Mr.  Weber  is  the  patentee  of 
the  Weber  railway  joint  which  has  proven,  as  is  well  known, 
quite  a  practicable  and  satisfactory  joint.  These  three  patents 
show  how  the  Weber  joint  may  be  applied  in  the  building  up  of 
compound  girders. 

The  most  recent  endeavor  towards  the  universal  section  is 
the  built  angle  advertised  in  1911  by  the  Steel  Bar  Flanging 
Company,  of  Detroit,  Mich.,  which  provides  an  angle  whose  legs 
are  of  relatively  different  thicknesses  and  separable  from  each 
other  and  which  can  be  used  in  various  combinations  in  building 
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up  concrete  reinforcement,  trusses  of  all  kinds,  plate  girders 
and  other  various  compound  shapes.  The  built  angle  consists 
of  two  portions — a  leg  bar  and  a  foot  bar.  When  built  into  a 
plate  girder,  as  shown  in  Fig.  6  a  third  section  is  required 
called  a  shoe  bar,  through  which  the  first  line  of  rivets  or  bolts 
pass.  These  built  angles  are  said  by  the  advertisers  to  be 
better  than 'one-piece  angles  for  many  purposes,  especially  for 
truss  chords  and  flanges  of  plate  girders,  because  their  uses 
saves  time,  labor  and  material.  Time,  in  that  a  structural  shop 


Fig.  6.  Built  up  Angles  in  Plate  Girder  Construction. 


may  carry  a  small  number  of  bars  in  stock  and  from  that  stock 
build  up  a  comparatively  large  number  of  angle  sections.  For 
instance,  from  a  stock  of  six  sizes  of  foot  bars,  and  twelve  sizes 
of  leg  bars,  72  sizes  of  angle  sections  can  be  built  up.  Labor, 
in  that  their  use  reduces  the  work  of  fabricating  trusses  and 
plate  girders  by  making  their  pieces  lighter  and  of  shapes  more 
readily  assembled  and  by  reduction  in  the  amount  of  riveting 
necessary  to  secure  the  same  results  with  the  ordinary  angles. 
Material,  since  their  use  makes  possible  the  minimum  and  maxi¬ 
mum  distribution  of  metal  between  various  points  throughout 
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the  span  more  nearly  proportionate  to  the  varying  stresses  to  be 
carried. 

There  seems  to  be  a  theoretical  advantage  in  having  angles 
with  legs  of  different  thicknesses  in  columns  and  plate  girders, 
but  this  theoretical  advantage  in  reduced  weight  of  material 
has  not  been  sufficient  hitherto  to  justify  the  rolling  mills  in 
turning  up  rolls  for  such  sections,  and  in  spite  of  the  state¬ 
ment  in  the  advertisers’  circular  to  the  contrary,  there  seems  to 
be  some  question  whether  it  is  possible  to  consider  the  entire 
area  of  the  two  pieces  forming  the  built-up  angle  as  being 
as  effective  as  the  same  area  in  the  standard  rolled  shape,  and 
the  scheme  seems  also  to  suffer  from  the  very  serious  detriment 
that  it  is  an  endeaver  to  make  in  two  pieces  what  can  readily 
be  made  in  one. 

4.  Beams  with  Tapered  Web :  Fig.  7.  In  the  ultimate 
analysis  the  formulas  on  which  the  use  of  beams  is  based  rest 
on  experiment,  and  there  are  a  number  of  points  in  the  design 
of  beams  and  girders  which  have  not  been  reduced  to  precise 
mathematical  computation  and  indeed  there  are  problems  which 
are  not  capable  of  any  general  solution. 

One  of  these  problems  is  the  relation  of  web  metal  to 
flange  metal.  It  has  long  been  known  that  on  the  ordinary 
flexure  formula  it  Is  possible  to  design  a  beam  of  any  given 
depth  with  a  better  theoretical  distribution  of  metal  than  ob¬ 
tains  in  the  American  standard  minimum  weight  I-beam  sec¬ 
tion  of  that  depth,  and  that  to  resist  pure  bending  stresses, 
the  less  metal  there  is  in  the  web  the  more  economical  the  sec¬ 
tion  will  be.  In  our  discussion  of  compound  beams  it  was 
also  pointed  out  that  the  joining  together  of  two  beams  by 
bolts  and  separators  does  not  make  a  unit  and  that  a  more  rigid 
connection  between  the  two  was  desirable.  Mr.  James  Mont¬ 
gomery,  of  Croton  Landing,  N.  Y.,  who  is  also  the  inventor 
of  several  types  of  corrugated  metal  beams,  in  his  patent  83,196, 
dated  October  20th,  1868,  proposed  to  accomplish  these  desirable 
ends :  First,  to  so  construct  iron  or  steel  beams  and  girders  that 
the  principal  weight  of  metal  will  be  located  in  points  where  the 
chief  tensile  and  compressive  forces  will  be  sustained;  second, 
to  provide  convenient  means  for  assembling  two  or  more  beams 
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or  girders  in  such  a  manner  that  they  will  mutually  support 
each  other;  and  third,  to  provide  means  whereby  flooring  may 
be  secured  to  the  beams  without  nails  or  bolts.  The  drawing 
shows  very  clearly  Mr.  Montgomery’s  ideas,  but  does  not  show 
his  alternative  construction  in  which  the  flanges  of  the  beams  in¬ 


stead  of  being  tongued  and  grooved  into  each  other,  were  se¬ 
cured  sidewise  by  a  scarf  joint.  Mr.  Montgomery’s  improve¬ 
ments  were  applicable  to  marine  as  well  as  land  architecture, 
and  the  compound  beam  may  be  made  in  the  form  of  tubes 
for  the  conduction  of  hot  air,  gas,  water,  or  for  domestic  pur¬ 
poses,  and  it  was  his  intention  so  to  use  them.  The  idea  of 
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joining  the  beams  together,  as  shown  in  the  sketch,  seems  to  hark 
back  to  the  cellular  form  of  top  and  bottom  chord  sections  de¬ 
signed  by  Stephenson  for  his  tubular  girder  bridges. 

The  tapered  web  idea  was  re-discovered,  among  others,  by 
Mr.  George  A.  Lund,  of  New  York,  who  in  patent  963,162,  is¬ 
sued  to  him  on  July  5th,  1910,  states  that  his  invention  aims 
to  provide  an  improved  I-beam  girder,  channel  or  similar  shape 
of  rolled  steel,  and  especially  to  provide  a  more  efficient  dis¬ 
tribution  of  the  metal  than  has  existed  in  previous  shapes.  He 
appreciated  the  fact  that  it  was  necessary  to  leave  a  substantial 
amount  of  metal  at  the  end  of  the  web  where  it  joins  the  flanges 
and  where,  so  he  says,  in  rolling,  the  metal  is  rather  dragged 
along  by  its  cohesion  with  adjacent  lines  which  are  properly 
rolled  by  intimate  contact  with  the  rolls  and  where  in  cooling 
there  are  strains  set  up  in  the  metal  at  this  point  which  tend 
to  weaken  it  and  which,  therefore,  call  for  a  substantial  quan¬ 
tity  of  metal  in  this  part  of  the  design,  but  which  consideration 
does  not  apply  to  the  portion  of  the  web  which  lies  between  the 
fillets  and  which,  therefore,  may  be  reduced  so  as  to  produce 
a  shape  which  shows  a  minimum  percentage  of  metal  in  the 
neutral  axis  where  it  is  least  efficient,  or  a  maximum  metal  at 
a  distance  from  the  neutral  axis  where  it  is  most  efficient. 

If  experimental  investigation  should  show  such  a  shape  to 
be  really  efficient,  there  is  no  reason,  from  a  rolling  mill  stand¬ 
point,  why  it  cannot  economically  be  produced.  As  a  matter  of 
fact,  the  first  album  of  shapes  issued  by  Carnegie,  Kloman  & 
Company  in  1873  showed  quite  a  number  of  beam  sections  with 
tapered  web,  one  of  which  is  reproduced  in  the  figure.  It  may 
be  also  said  that  the  Carnegie  Steel  Company  rolled  some  12  in. 
and  15  in.  beams  of  this  shape  in  1910  for  experimental  pur¬ 
poses.  History,  however,  does  not  record  that  the  tapered 
web  beam  was  very  much  of  a  success.  It  disappeared  before 
the  publication  of  the  1876  Pocket  Companion.  One  of  the 
considerations  which  accounted  for  its  disappearance  may  have 
been  the  practical  one  of  riveting  connection  angles  to  the  ends 
of  the  beams,  but  it  is  obvious  that  the  webs  may  be  tapered 
in  such  a  way  as  not  to  make  this  of  practical  importance. 
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5.  Beams  with  Perforated  Webs :  Fig.  8.  The  web  of  the 
beam  may  be  reduced  in  thickness  to  the  minimum  amount  of 
metal  necessitated  in  rolling,  or  it  may  be  cut  away  entirely. 
In  his  patent  327,360,  dated  September  29th,  1885,  Mr.  John 
Vanes,  of  Brazil,  Ind.,  proposed  to  effect  improvements  in  metal¬ 
lic  girders  by  providing  one  that  could  be  manufactured  at  a 


comparatively  small  initial  cost,  which  would  be  strong  and 
durable  and  which  would  permit  of  the  utilization  of  material 
hitherto  considered  unfit  for  the  construction  of  girders.  He, 
therefore,  built  up  his  girder  by  the  use  of  bars  for  flanges 
by  the  elimination  of  the  web  and  by  using  twisted  bars  also 
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for  his  diagonal  brace  members.  In  this  way  he  constructed 
a  girder  which  he  said  was  lighter  than  the  ordinary  angle  iron 
girder,  could  be  manufactured  at  less  cost  and  was  adapted  for 
all  purposes  for  which  the  ordinary  girder  is  employed.  It 
is  obvious  that  this  type  of  construction  to  be  successful  must 
he  worked  out  in  some  part  of  the  world  where  blacksmith  work 
is  cheaper  than  the  ordinary  processes  of  fabrication. 

Mr.  Curt  Hessel  and  Mr.  Walther  Sippel,  of  Berlin,  Ger¬ 
many,  also  stumbled  upon  the  fact  that  the  webs  of  beams  are 
unnecessary  nuisances,  especially  when  used  in  girders  with 
other  beams  framed  into  them.  They,  therefore,  proposed  in 
patent  669,639,  dated  March  12th,  1901,  to  construct  wrought 
iron  beams  formed  with  perforations  in  the  central  web  which 
give  to  it  the  appearance  of  a  ladder.  These  perforations  do  not 
extend  flush  with  the  flanges,  so  that  the  height  of  the  perfora¬ 
tions  is  less  than  the  height  of  the  web.  The  web  is  strengthened 
by  having  its  thickness  increased,  the  thicker  part  commencing 
at  an  equal  distance,  from  both  flanges.  The  height  of  the 
thicker  portion  of  the  web  is  also  greater  than  the  height  of 
the  perforations.  Wrought  iron  beams  with  perforations  had 
been  used  already  in  machine  or  similar  construction,  as,  for 
instance,  in  the  locomotive,  for  the  purpose  of  obtaining  a  re¬ 
duction  in  weight,  but  such  beams  consisted  of  simple  plates  of 
wrought  iron,  the  perforations  of  which  were  produced  by  the 
punching  and  cutting  of  the  metal  and  which  had  the  stiffness  of 
the  original  plate  considerably  reduced  thereby.  Their  beam 
was  to  leave  the  rolls  quite  finished  and  ready  for  use.  In 
the  construction  of  an  office  building,  one  set  of  beams  was  to 
made  of  less  height  than  the  other  in  order  that  the  beams 
of  one  set  could  extend  through  the  perforations  of  the  beams 
of  the  other  set,  and  in  this  way  could  be  eliminated  not  only 
the  cost  of  fabricating  connections,  but  also  the  extra  weight  of 
the  material. 

•The  same  idea  of  leaving  places  in  the  web  for  the  passage 
of  connecting  floor  beams  appears  in  patent  361,097,  issued 
April  12th,  1887,  to  Rudolph  August  Stoffert  and  Thomas  Dykes, 
of  Glasgow.  Their  improved  girders  consisted  of  an  upper 
and  lower  flange  or  tee  section  connected  together  and  retained 
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at  the  required  distance  apart  by  a  series  of  straps  or  bracing 
pieces  on  opposite  sides,  such  bracing  straps  presenting  in  front 
view  an  TJ  or  equivalent  shaped  contour,  preferably  made  of 
angle  section  or  of  other  suitable  section  having  two  or  more 
leaves  or  wings,  one  leaf  or  wing  of  which  should  bear  upon  the 


Fig.  9.  Beams  with  Stiffened  Webs. 


central  vertical  feather  or  web  of  the  girder  tee  flange  while 
another  projecting  leaf  or  wing  simultaneously  came  in  contact 
with  and  bore  upon  the  inner  surface  of  the  other  or  horizontal 
feather  or  member  of  the  girder  tee  flange  to  impart  rigidity 
to  the  whole  and  vertical  and  lateral  stiffness  to  the  entire 
girder  section.  Each  of  these  bracing  pieces  were  to  be  cur- 
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vilinear,  rectilinear,  or  partly  rectilinear  and  partly  curvilinear 
in  form  and  outline,  and  to  constitute  in  every  case  distinctly 
individual  and  detachable  portions  which  should  be  mutually 
interchangeable  and  capable  of  being  readily  fitted  up,  in  com¬ 
bination  with  the  girder  tee  flanges,  and  to  be  secured  thereto 
and  to  each  other  by  bolts  or  rivets  along  each  side  of  these 
top  and  bottom  tee  members,  with  packing  pieces  between  where 
required,  etc.,  etc.  Where  transverse  joists  are  required,  the  ar¬ 
rangement  of  the  bracing  pieces  was  to  be  such  as  to  leave  be¬ 
tween,  or  within,  or  between  and  within  them,  at  intervals, 
spaces  through  which,  without  necessitating  the  undoing  of  the 
main  parts  of  the  girder,  bars  of  iron  or  steel,  or  other  suitable 
material,  of  varied  and  convenient  section  and  dimensions,  would 
preferably  be  fitted  transversly  within  the  body  of  the  girder 
to  rest  on  the  lower  flanges  of  a  series  of  girders  with  a  limited 
over-all  depth  to  form. a  strong  floor  structure.  When  joists  of 
wood,  instead  of  metallic  bars,  were  fitted  within  the  body 
of  the  girder,  as  shown  in  the  first  sketch  on  the  figure,  the 
upper  flange  of  the  girder  would  in  general  require  to  be  un¬ 
bolted  or  removed  for  their  introduction. 

These  canny  Scotchmen  had  unbounded  confidence  in  their 
invention,  and,  therefore,  secured  to  themselves  the  benefit  of 
a  complete  monopoly  by  taking  out  patents  not  only  in  the 
United  States,  but  also  in  Great  Britain,  France,  Belgium  and 
Austria-Hungary. 

6.  Beams  with  Stiffened  Webs:  Fig.  9.  It  is  obvious  to 
anyone  who  will  investigate  the  history  of  beam  and  girder 
design  that  there  has  been  a  tendency  in  mathematical  compu¬ 
tation  to  forget  that  a  beam  is  a  structural  unit  and  cannot  be 
resolved  into  its  component  parts  except  for  purposes  of  com¬ 
putation.  Mathematical  analysis  is  one  thing,  practice  another, 
and,  therefore,  many  investigators  have  thought  that  there  was 
a  point  below  which  web  thickness  should  not  be  reduced  and 
that  a  thick  web  was  desirable  in  so  far  as  it  served  to  stif¬ 
fen  and  to  support  the  flanges  of  the  beams,  especially  the  com¬ 
pression  flange.  Such  was  the  idea  of  Mr.  Laurence  Holms,  of 
Paterson,  N.  J.,  who  invented  a  new  and  useful  wrought  iron 
beam  for  building  purposes  which  he  denominated  a  buttressed 
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beam  and  which  is  covered  by  letters  patent  101,015,  dated 
March  22nd,  1887.  Mr.  Holms’  invention  consisted  in  giving 
lateral  support  and  an  increased  amount  of  web  bearing  to  the 
flange  of  wrought  iron  beams  by  means  of  buttresses  or  corru¬ 
gations  formed  in  the  process  of  rolling  the  iron  by  deflecting 
the  web  from  side  to  side  of  the  center  of  the  flanges,  the  di¬ 
versions  being  regular  and  the  corrugations  semi-circular  after 
the  usual  manner  in  which  corrugated  iron  is  made,  or  intermit¬ 
tent  as  shown  in  the  figure,  more  or  less  buttresses  being  form¬ 
ed,  angular  or  wave  line,  according  to  the  length  and  amount 
of  support  desired.  These  corrugations,  either  circular  or 
angular,  constituted  perpendicular  supports  and  at  the  same 
time  strengthened  the  beam  against  lateral  deflection.  Mr. 
Holms’  idea  was  a  new  one  only  as  supplied  to  rolled  beams. 


/\bou+  z&'-O" 


Fig.  10.  Wrought  Iron  Girder,  Sedgwick  Hall. 


Fig.  10,  taken  from  Freitag’s  Architectural  Engineering, 
second  edition,  page  3,  shows  an  early  form  of  wrought  iron 
girder  used  in  Sedgwick  Hall,  Lenox,  Mass.  These  beams  were 
probably  placed  in  position  about  1840.  They  were  made  of 
three  plates,  a  top  and  a  bottom  one  both  horizontal  with  a 
vertical  corrugated  web  plate  between,  the  corrugations  running 
up  and  down.  The  three  pieces  were  fastened  together  with 
vertical  bolts  extending  through  the  top  and  bottom  plates 
about  20  in.  apart  and  alternating  one  on  this  side  and  the 
next  on  the  other  side  of  the  vertical  plate,  the  transmission  of 
strain  from  the  web  to  the  flange  depending  entirely  upon 
friction. 

The  corrugated  web  appears  also  in  patent  42,692  issued  on 
May  10th,  1864,  to  Samuel  J.  Seely,  of  New  York,  N.  Y.  Mr. 
Seely’s  improved  corrugated  beam  was  made  with  tee  iron 
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flanges  top  and  bottom,  the  interval  between  the  extremities  of 
the  upright  portion  of  the  angle  tee  iron  being  filled  by  a  strip 
of  wrought  or  malleable  iron,  or  other  suitable  metallic  sub¬ 
stance,  of  the  same  thickness  as  that  of  the  tees  (that  is,  with 
the  web  plate  the  same  thickness  as  the  stems  of  the  tees  and 
filling  the  interval  between  them).  This  web  plate  was  to  be 
stiffened,  as  shown  in  the  sketch,  by  corrugated  plates  attached 
by  rivets  or  bolts  to  the  tee  irons  and  to  the  web  plate  so  as  to 
form  the  exterior  truss  beam.  The  corrugations  in  the  plates 
on  opposite  sides  of  the  truss  cross  each  other  at  right  angles 
and  the  corrugations  stand  at  an  angle  of  45  deg.  The  angle 
at  which  the  corrugations  should  stand  to  a  horizontal  line 
would  be  varied  according  to  circumstances,  but  when  the  angle 
is  greater  or  less  than  45  deg.,  the  corrugations  on  opposite 
sides  of  the  truss  will  stand  at  an  angle  to  each  other  differing 
from  a  right  angle.  The  lower  angle  iron  may  be  replaced  by  a 
tube  of  wrought  iron  or  by  a  rod  or  equivalent  device  and  the 
web  plate  even  might  also  be  omitted,  and  the  devices  intended 
to  resist  the  tendency  to  elongation  along  the  bottom  line  and 
to  compression  along  the  upper  line  might  be  attached  to  the 
corrugated  sheets  above  and  beneath  or  outside  of  them.  “The 
advantages  resulting  from  the  form  of  construction  above  indi¬ 
cated  arise  from  the  peculiar  disposition  that  is  made  of  the 
tubular  corrugations.  Inasmuch  as  they  cross  at  right  angles, 
or  nearly  so,  the  position  of  greatest  strength  of  the  one  coin¬ 
cides  with  the  position  of  greatest  elasticity  of  the  other,  and 
the  corrugated  truss,  under  a  sufficient  pressure  to  change  the 
form  of  the  corrugations,  develops  an  increase  of  strength  as 
it  yields  to  the  strain.’ ’ 

Mr.  H.  J.  Armstrong,  of  Markdale,  Canada,  had  an  idea  also 
that  the  webs  of  beams  needed  stiffening,  and  so  on  January 
8th,  1901,  his  ideas  were  recognized  by  the  issuing  of  patent 
665,718.  His  invention  relates  to  a  beam  having  a  web  pro¬ 
vided  with  a  truss  which  might  be  either  formed  integral  there¬ 
with  or  fastened  thereto,  and  which  lies  wholly  within  the  area 
of  the  web,  so  as  to  form  a  component  part  thereof,  by  which 
construction  to  give  lateral  strength  to  the  beam  and  to  prevent 
the  buckling  thereof:  The  web  of  his  beam  is  formed  with  an 
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elliptical  groove  therein,  preferably  pressed  from  the  metal 
forming  the  beam  and  extending  throughout  the  length  of  the 
beam,  the  middle  of  the  groove  being  situate  at  the  bottom  edge 
of  the  beam  and  the  ends  being  at  the  top.  In  this  groove  is 
to  be  placed  a  tube  of  metal  shaped  in  conformity  with  the 
groove  and  fastened  through  the  medium  of  flanges,  which  may 


be  welded  or  riveted  to  the  beam,  as  desired.  Mr.  Armstrong 
preferred  to  employ  a  metallic  tube  but  it  is  clear  that  the 
chord  formed  of  the  tube  could  be  constructed  solid  in  the  form 
of  a  bar,  plate  or  the  like.  Each  end  of  his  beam  had  also  the 
web  turned  back  upon  itself  to  form  a  hollow  stanchion  to  take 
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the  place  and  to  perform  the  function  of  the  usual  end  stiffener 
angles.  It  has  also  at  points  of  concentrated  loading  funnel 
shaped  brackets  composed  of  tapered  plates  riveted  to  the  upper 
flange  and  also  to  the  web.  Mr.  Armstrong’s  idea  for  trussing 
the  beam  is  a  good  one.  When  beams  or  girders,  however,  are 
tested  full  size  in  a  testing  machine,  the  curve  of  web  buckling, 
while  of  the  form  shown  by  Mr.  Armstrong,  runs  from  the  top 
of  the  beam  at  the  center  to  the  bottom  of  the  beam  at  the  ends, 
and  not  as  shown  in  Mr.  Armstrong’s  patent. 

The  usual  methods  of  stiffening  webs  are  shown  for  pur¬ 
poses  of  comparison  on  Fig.  9.  There  are  three  usual  methods ; 
that  of  using  stiffener  angles  on  the  web  between  the  flange 
angles,  the  full  length  stiffener  with  fillers  as  is  customary  in 
building  work,  and  the  full  length  crimped  stiffener  as  is  used 
in  bridge  work.  The  older  English  method  was  to  use  the  bent 
out  stiffeners  which  were  riveted  to  the  web  between  the  flange 
angles  and  to  the  flange  plates  at  top  and  bottom  outside  of  the 
flange  angles.  A  comparison  of  Fig.  9  with  Fig.  2  will  show 
that  this  latter  method  harks  back  to  the  stiffening  ribs  in  the 
wide  flange  cast  iron  girder,  just  as  the  ordinary  bridge  or 
building  method  goes  back  to  the  stiffening  ribs  used  by  Ilodg- 
kinson  in  his  improved  cast  iron  tee  beam. 

7.  Girders  with  Stiffened  Compression  Flanges :  Fig.  11. 
The  writer  thinks  that  too  little  attention,  as  a  rule,  is  paid 
to  lateral  deflection  of  the  compression  flange  in  making  compu¬ 
tation  for  the  safe  stresses  in  beams  and  girders.  It  is  true 
that  the  handbooks  call  attention  to  the  necessity  of  reducing 
the  unit  stresses  when  the  length  of  span  exceeds  20  times  the 
span  width,  and  bridge  specifications  also  contain  directions  for 
unit  stress  reduction.  When  tested  in  the  testing  machine, 
beams,  unless  very  short,  usually  fail  by  lateral  deflection  of 
the  top  flange,  and  all  experimentation,  therefore,  bears  wit¬ 
ness  to  the  necessity  of  making  the  compression  flange  secure 
against  lateral  deflection. 

Mr.  Lancelot  Kirkup,  of  East  New  York,  N.  Y.,  proposed 
to  do  this  in  patent  138,029,  dated  April  22nd,  1873,  by  the  use 
of  braces  spaced  every  so  often.  These  outside  braces  were  of 
bars  double  cone  shaped  having  their  apexes  at  the  center  of 
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the  web  plate,  to  which  they  are  riveted,  and  having  their  feet 
attached  by  rivets  also  to  the  top  and  bottom  cover  plates.  Snch 
a  beam,  he  said,  would  be  found  particularly  desirable  for  ware¬ 
houses  where  heavy  goods  are  stored,  both  for  sustaining  the 
weight  and  to  resist  the  impact  forces  to  which  the  floors  may 
be  subjected  by  the  falling  of  heavy  goods,  and  is  more  particu¬ 
larly  useful  for  long  girders  where  side  braces  cannot  be  ad¬ 
vantageously  or  readily  employed  and  where  long  distances  are 
to  be  spanned  without  the  obstruction  of  intermediate  supports. 

Mr.  David  Hammond,  of  Canton,  Ohio,  apparently  an  en¬ 
gineer  with  the  Wrought  Iron  Bridge  Company,  endeavored  to 
do  the  same  thing  in  a  more  practical  way  in  patent  184,522, 
dated  November  21st,  1876.  His  invention  consisted  of  the 
making  of  plate  or  latticed  girders  with  a  tee  bar  top  flange 
and  a  tee  bar  or  angle  iron  bottom  flange.  The  tee  bars  had 
bulbs  rolled  on  their  outer  edges  so  as  to  increase  the  radius 
of  gyration  of  the  section,  and  the  advantages  of  his  construction, 
he  said,  would  be  evident  on  considering  that  the  upper  head  of 
the  girder  acts  under  compression,  and  when  the  girder  is 
loaded,  this  head  has  a  tendency  to  give  way  by  bending  side- 
wise,  consequently  by  making  such  head  wide  and  in  one  solid 
piece  and  then  concentrating  the  metal  in  the  bulbs  on  the  edges 
of  the  head  where  it  has  the  greatest  effect  to  resist  crushing 
or  cockling  the  head,  the  same  amount  of  head  section  will  make 
a  much  stronger  girder  than  when  used  in  the  ordinary  I-beam 
or  angle  bar  form  of  head. 

Mr.  Hammond  also  proposed  to  use  the  same  shape  for  col¬ 
umns  in  his  patent  184,521  of  same  date. 

It  is  obvious  on  inspection  that  Mr.  Hammond's  tee  shaped 
flange  section  is  nothing  more  or  less  than  a  double  bulb  angle; 
the  single  bulb  angle  has  been  used  quite  extensively  for  exactly 
the  same  purpose  which  he  had  in  mind  in  the  construction  of 
columns,  as,  for  example,  in  the  New  York  City  subways  and 
in  the  posts  of  the  stiffening  trusses  of  the  Manhattan  Bridge, 
New  York  City.  They  have  also  been  used  in  the  construction 
of  plate  girders  and  the  usual  form  of  bulb  angle  girder  is  as 
shown  in  the  figure.  The  writer  has  knowledge  of  the  use  of 
plate  girders  of  this  kind  as  late  as  the  last  year. 
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8.  Corrugated  Metal  Beams:'  Fig.  11.  The  strength  and 
stiffness  of  corrugated  iron  for  roofing  purposes  is  well  known, 
and  in  fact  is  one  of  the  reasons  why  corrugated  roofing  is  so 
widely  used.  Mr.  Richard  Montgomery,  of  New  York,  N.  Y., 
proposed  to  produce  metallic  beams  of  greater  lightness  and 
strength,  and  at  a  less  cost  than  had  hitherto  been  done,  by 
bending  sheet  metal,  which  possesses  great  tensile  strength,  in 
such  a  form  as  to  give  it  the  proper  proportions,  rigidity  and 
transverse  strength  to  admit  of  its  use  as  a  beam  for  resisting 
great  weight  or  strains.  Mr.  Montgomery  considered  this  sub¬ 
ject  for  quite  a  long  time.  His  first  patent,  9,842,  was  is¬ 
sued  July  12th,  1853,  and  re-issued  as  2,668  on  July  2nd,  1867, 
his  next  patent,  13,599,  was  issued  September  25th,  1855,  and  his 
last  patent,  87,278,  is  dated  February  23rd,  1869,  so  that  he 
gave  sixteen  years  to  the  study  of  corrugated  metal  for  beam 
purposes.  His  first  bars  were  to  be  of  wrought  iron,  his  last 
bars  of  steel  in  which  he  had  much  confidence,  claiming  that  the 
superior  surface  of  the  steel,  presenting  a  film  or  coat  which 
does  not  readily  oxidize,  increases  its  durability  as  compared 
with  iron  when  exposed  to  the  air  and  offers  an  additional  ad¬ 
vantage  in  favor  of  the  steel  bar.  This  statement  may  be  well 
weighed  today  by  experimenters  into  the  relative  corrosion  of 
iron  and  steel. 

In  his  improved  bars  the  fibers  of  the  steel  are  carried  longi¬ 
tudinally  and  there  can  be  no  cross  grain  therein,  while  the  pro¬ 
cess  of  their  manufacture  tests  the  metal  severely  at  every 
point,  so ‘that  the  least  flaw,  defect  or  weakness  therein  is  at  once 
apparent,  whereas  the  corrugated  bars  heretofore  used,  made 
from  sheet  metal  more  or  less  laminated,  are  without  fiber,  and 
not  only  lacking  in  tensile  strength  but  also  subject  to  all  the 
defects  of  the  metallic  plates  from  which  they  are  constructed. 
These  bars  Mr.  Montgomery  proposed  to  use  for  railway  rails 
and  in  construction  of  elevated  railroads  as  well  as  for  beams 
in  the  construction  of  bridges  and  for  the  support  of  floors  and 
roofs  in  all  manner  of  buildings.  It  is  in  a  way  singular  that 
while  corrugated  sheet  metal  is  in  use  for  roofing,  we  do  not 
have  in  the  United  States  of  America  the  deep  rolled  corrugated 
bars  designed  by  Mr.  Montgomery  or  even  the  deep  corrugated 
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sheet  metal  which  is  in  use  in  Germany  for  flooring  and  roofing 
purposes. 

This  is  not  the  place  to  discuss  the  varied  uses  of  sheet 
metal,  as  this  paper  has  to  do  only  with  forms  of  metal  used 
as  beams  or  girders  in  bridge  and  building  construction  for  the 
carrying  of  great  loads.  There  are  several  patents,  however, 
which  have  been  issued  for  sheet  metal  beams  intended  for  use 
in  building  construction.  Patent  693,560,  issued  to  Edmond 
Molloy,  of  Philadelphia,  on  February  18th,  1902,  discloses  sev¬ 
eral  types  of  sheet  metal  beams  of  approximately  I-shape.  Mr. 
Molloy ’s  I-beam  is  formed  of  two  pieces  of  stiffer  material,  such 
as  wood  or  pipe,  and  a  flexible  sheet  material  wrapped  around 
the  same,  a  single  sheet  of  the  flexible  material  passing  complete¬ 
ly  around  both  of  the  pieces  of  stiffer  material  and  extending 
between  them,  each  piece  of  the  stiffer  material  being  thus  com¬ 
pletely  enveloped  in  the  piece  of  flexible  material  and  forming  a 
head  or  flange  of  the  beam,  and  the  portion  of  the  sheet  of  flex¬ 
ible  material  extending  between  the  heads  or  flanges  and  the 
portions  of  the  sheet  material  extending  from  one  of  them  to¬ 
wards  the  other  forming  the  web  of  the  beam.  This  beam,  Mr. 
Molloy  says,  is  not  intended  to  be  used  in  floor  structures,  but 
is  to  be  used  as  an  upright  for  structures,  framing  and  similar 
purposes  where  no  great  strain  laterally  is  to  be  withstood. 

Mr.  Herman  F.  Voshardt,  of  Chicago,  however,  in  patent 
854,391,  issued  May  21st,  1907,  did  intend  to  use  his  beam  for 
structural  purposes.  The  figure  shows  several  of  the  forms 
contained  in  the  patent.  They  were  to  be  made  of  corrugated 
sheet  metal,  the  corrugations  running  vertically  of  the  structure. 

Mr.  Kobert  Lipman,  of  Strassburg,  Germany,  in  patent 
866,940,  dated  September  24th,  1907,  proposed  to  use  an  iron 
girder  composed  of  tie  or  tension  rods  and  of  metal  sheets  or 
plates  bent  around  said  rods  so  as  to  produce  a  profile  girder 
or  I-beam.  Girders  composed  of  solid  iron  and  sheet  metal 
strips,  he  says,  have  already  been  made,  but  in  those  cases  the 
sheet  metal  strips  have  been  merely  bent  around  the  solid  iron 
parts  and  there  have  been  no  head  or  end  plates  that  were  cap¬ 
able  of  receiving  the  tensional  forces  and  of  transmitting  the 
latter  as  compressive  forces  to  the  profiled  sheet  metal  strips. 
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Girders  constructed  in  accordance  with  his  invention  contrari¬ 
wise  have  a  very  great  supporting  power  and  they  have  furth¬ 
er  the  advantage  of  being  transported  in  sections  to  the  place 
where  the  building  operation  is  being  carried  on  and  of  being 
erected  in  the  most  simple  manner,  while  also  intersections  of 
several  girders  may  be  effected  without  cutting  up  the  tie  rods. 
The  invention,  therefore,  is  essentially  a  combination  of  four 
rods  or  tubes  with  a  sheet  metal  web.  At  the  ends  of  the  gird¬ 
ers  plates  with  suitable  holes  are  placed  over  the  tie  rods  to 
prevent  the  metal  sheets  from  shifting  over  one  another  when 
the  tie  rods  are  being  tightened  up. 

Patents  S97,539  and  897,982  were  issued  to  Frederick  C. 
Keighley,  of  Uniontown,  Pa.,  on  September  8th,  1908.  In  his 
former  patent  Mr.  Keighley  proposed  to  utilize  sheet  metal  in 
the  construction  of  beams  for  office  buildings,  trestle  works, 
bridges,  shipbuilding  and  similar  structures.  His  invention 
provides  a  beam  constructed  from  a  single  piece  of  sheet  metal 
folded  about  itself  several  times,  the  number  of  folds  being  de¬ 
termined  by  the  strength  required  for  the  structure.  These 
folds  are  designed  to  be  compressed  together  by  high  pressure, 
and  when  the  sheet  metal  is  being  folded,  the  same  is  subjected 
to  intense  heat  but  not  enough  to  cause  a  weld,  so  that  a  com¬ 
pact  mass  of  metal  forming  a  beam  is  provided,  embodying 
the  strength  and  durability  of  a  solid  metal  beam.  While 
under  compression  the  parts  of  the  sheet  metal  beam  are  held 
firmly  together  by  wires  or  rods  spaced  every  so  often  with 
their  ends  twisted  together.  In  his  latter  patent  Mr.  Keighley 
provides  a  new  and  useful  composite  beam  such  as  is  used  in 
the  building  of  ships,  etc.,  by  encasing  rectangular  members 
of  wood  in  sheet  metal  and  holding  the  parts  together  by  suit¬ 
able  clamps. 

9.  Tubular  Beams  and  Girders :  Fig.  12.  George  W. 
Dithridge,  of  New  York,  apparently  a  carbuilder,  had  an  idea 
that  the  use  of  tubular  sections  would  improve  the  beam  of 
commerce.  He  tells  us  in  patent  426,558,  dated  April  29th, 
1890,  that  previous  to  his  time  beams  or  sills  for  railway  cars 
had  been  formed  of  tubes  connected  together  by  stays  or  straps 
and  that  beams  for  buildings  had  been  made  of  angle  or  tee 
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iron.  His  invention  was  a  new  article  of  manufacture  and 
consisted  of  a  beam  or  sill  with  round,  square,  triangular,  hexa¬ 
gonal  or  other  desired  shape  tubular  edges  and  a  connecting 
plate,  such  tubular  edges  and  connecting  plate  being  integral 
with  each  other  of  one  piece  of  metal,  webs  either  hollow  or 


Fig.  12.  Tubular  Beams. 


solid.  The  patent  does  not  indicate  whether  Mr.  Dithridge 
proposed  to  roll  or  to  cast  these  sections. 

In  patent  426,559,  of  the  same  date,  he  advances  a  step 
farther  and  builds  up  his  beams  or  girders  of  upper  and  lower 
edge  plates  and  side  plates  having  interlocking  edge  tongues 
formed  integral  therewith  and  bolts  by  which  the  parts  are  con- 
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nected  together.  The  heads  and  feet  of  the  sections  might  be 
stiffened  by  making  them  of  circular  form  as  in  the  first  and 
third  sketches. 

Patent  426,560,  of  the  same  date  but  not  illustrated  here, 
shows  ram’s  horn  shaped  top  and  bottom  flange  pieces  sep¬ 
arated  by  tubular  post  pieces  and  tied  together  by  diagonal 
brace  bars  interlocking  into  the  edges  of  the  ram’s  horn  shaped 
flange  pieces. 

The  invention  recorded  in  patent  426,561,  of  the  same 
date,  consisted  in  a  beam  or  sill  having  upper  and  lower  mem¬ 
bers  formed  of  bars  of  rolled  metal — tees,  star  shapes  or  seg¬ 
ments — with  rounded  edges  or  flanges  and  vertically  placed 
metal  straps  with  hook  shaped  ends  to  engage  the  rounded 
edges  of  the  upper  and  lower  bars,  and  cross  bolts  to  clamp 
and  hold  the  parts  together.  The  beams  were  to  be  used  for 
buildings,  elevated  railroad  structures  and  car  bodies. 

In  patent  426,562,  of  the  same  date,  Mr.  Dithridge  employs 
tubes  of  lozenge  or  diamond  shape  made  weldless  and  of  besse- 
mer  steel  because  the  same  are  thicker  adjacent  to  the  angular 
edges  and  are  stiff  and  more  rigid  both  vertically  and  hori¬ 
zontally.  With  these  tubes  he  uses  spacing  blocks  with  forked 
ends,  sheet  metal  straps  and  bolts.  The  patent  covers  not  only 
the  beam,  but  also  the  quadrangular  prismatic  tubes  with  el¬ 
liptical  or  circular  inner  spaces. 

The  same  tubular  flange  pieces  of  a  new  shape  appear  in  pat¬ 
ent  430,840,  dated  June  24th,  1890,  with  new  device  in  the  way 
of  the  exterior  bracing  metal  plates  or  sheets  which  are  now 
made  interlocking  and  interfitting;  these  pieces  are  now  sym¬ 
metrical,  the  right-handed  pieces  fitting  snugly  outside  the  left- 
handed  pieces  at  the  top  and  inside  them  at  the  bottom,  or 
vice-versa. 

The  various  special  forms  of  tubes  and  tubes  with  stems 
needed  by  Mr.  Dithridge  for  his  beams  are  patented  in  No. 
431,203,  dated  July  1st,  1890,  and  with  this  last  patent  his 
monopoly  became  complete.  Thereafter  no  one  could  make 
these  beams  or  sills  without  his  consent. 

A  careful  search  through  the  records  of  car  construction 
might  record  a  limited  use  of  Mr.  Dithridge ’s  ideas;  hut  popu- 


66  PROCEEDINGS  ENGINEERS 9  SOCIETY  WESTERN  PENNA. 

lar  as  pipes  and  tubes  are  in  some  lines  they  have  not  made 
any  permanent  impression  on  the  beam  and  girder  construction 
of  buildings. 

Seventeen  years  after  Dithridge,  Mr.  Thomas  Gunstone 
Hill,  of  Portland,  Oregon,  comes  to  the  front  in  patents  854,947, 
dated  May  28th,  1907,  and  859,178,  dated  July  2nd,  the  same 
year.  Mr.  Hill  tells  the  structural  engineer,  steel  maker  and 
shop  superintendent  in  plain  terms  that  their  long  years  of 
travail  have  been  in  vain.  “It  is  well  known  that  a  perfectly 
satisfactory  jointed  beam  has  not  been  placed  upon  the  mar¬ 
ket,  for  bridges,  buildings  and  other  structures,  where  strong 
beams  or  girders  of  great  length  are  desired.  I  claim  that 
the  beam  I  have  devised  supplies  this  need.”  Mr.  Hill’s 
girder  is  made  of  two  or  more  sections  each  of  which  is  form¬ 
ed  of  oppositely  disposed  flat  bottomed  U-shaped  members  of 
sheet  metal  thicker  at  the  bay  shaped  ends  (top  and  bottom  in 
a  two-piece  girder).  The  joints  at  the  neutral  axis  are  made 
by  the  lap  of  one  side  of  each  member  over  the  adjacent  side 
of  the  other  longitudinally  throughout  each,  and  these  joints 
are  properly  welded  to  that  the  exterior  of  the  side  of  the 
girder  shall  form  a  plane  surface.  Separating  bolts  are  pro¬ 
vided  for  each  member  in  suitable  numbers  on  each  side  of  the 
joint,  the  functions  of  these  bolts  being  to  retain  the  sides  of 
the  girder  at  the  proper  distance  apart,  and  to  secure  them 
from  spreading  outwardly.  Welded  up  girders  in  1907 — What 
talk ! 

It  is  well  known,  Mr.  Edward  T.  Potter,  of  New  York, 
tells  us  in  patent  146,779,  issued  January  27th,  1874,  that  if  a 
tube  be  loaded  transversely,  its  power  to  resist  the  weight  will 
lessen  as  the  deflection  increases,  or  as  its  walls  are  forced  nearer 
and  nearer  together,  until  the  tube  be  flattened;  but  if  the 
walls  of  the  tube  be  kept  apart  and  deflection  avoided,  its 
strength  will  be  greatly  increased — will,  in  fact,  be  equal  to 
the  tensile  strength  of  the  tube  wall  on  its  convex  side.  Mr. 
Potter’s  invention  consists  in  such  a  metal  tube  in  which  there 
are  disks  or  plugs  of  wood  or  metal  driven  every  so  often  and 
around  the  outside  of  which  a  band  is  shrunk,  forged  or  raised 
to  hold  the  wall  of  the  tube  firmly  on  the  disk;  or  if  the  bands 
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and  disks  are  of  wood,  they  may  be  nailed  in  place.  The  ef¬ 
fect  of  this  is  to  divide  the  tube  into  sections  and  confer  in  a 

great  measure  the  strength  of  a  short  tube  upon  a  long  one. 

Mr.  Joseph  W.  Cremin,  of  New  York,  accomplished  the 
same  thing  on  paper  by  his  improvement  in  hollow  beams  re¬ 
corded  in  patent  122,230,  dated  December  26th,  1871,  except 
that  his  hollow  metal  beam  has  two  solid  internal  longitudinal 
webs  or  supports  running  at  right  angles  to  each  other  through¬ 
out  the  length  of  the  beam  and  solidly  united  to  the  tube  and 
with  each  other  by  casting  or  otherwise.  The  flanges  run 
parallel  with  the  conjugate  diameter  to  keep  it  in  position  and 
to  equalize  the  pressure  on  the  vertical  diameter  and  sides, 
while  the  horizontal  diameter  strengthens  the  sides  and  keeps 
them  from  collapse.  This  tube  might  be  used  for  horizontal 
or  perpendicular  beams  or  columns,  telegraph  poles  and  other 
such  purposes. 

10.  Special  Shape  Beam  Sections :  Fig.  13.  Quite  a  long 
series  of  patents  were  issued  to  Mr.  Edward  M.  Butz,  of  Alle¬ 
gheny,  Pa.,  in  1884,  for  structural  shapes  and  their  combina¬ 
tion  into  beams  or  girders  which  should  have  strength  and  light¬ 
ness  and  in  addition  should  act  as  skewbacks  to  receive  floor 
arches  in  buildings  and  other  structures.  Patents  304,781  to 
304,784,  304,794,  304,795,  304,797  and  304,798,  all  issued  Sep¬ 
tember  9th,  1884,  all  contain  the  same  essential  idea  in  various 
ramifications,  an  idea  which,  by  the  way,  was  not  new  except 
as  applied  to  rolled  shapes.  Freitag  in  Architectural  Engineer¬ 
ing,  second  edition,  page  3,  discussing  early  forms  of  iron  con¬ 
struction,  says:  “The  strange  forms  employed  in  cast  iron  were 
well  illustrated  in  some  cast  iron  floor  beams  removed  from  the 
old  Boston  Public  Library  in  1899.  Fig.  2  was  made  from 
sketches  and  photographs  taken  by  Mr.  C.  H.  Blackall,  the  ar¬ 
chitect  of  the  new  Cplonial  Building  erected  on  this  site.  The 
cast  iron  girders,  16  in.  deep,  were  spaced  about  10  ft.  centers 
The  floor  beams  or  joists,  spaced  about  4  ft.  centers  and  carry¬ 
ing  segmental  brick  arches,  were  hooked  over  lugs  cast  on  the 
lower  flanges  of  the  girders  as  shown  in  the  illustration” — 
which  illustration  the  writer  has  reproduced  in  Fig.  13  to  show 
the  similarity  in  essential  features  to  the  shapes  patented  by  Mr. 
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Butz.  It  will  be  noted  that  the  girder  is  of  the  Hodgkinson  type 
and  that  the  9  in.  floor  beams  have  inclined  side  surfaces  to  form 
skewbacks  for  the  support  of  the  segmental  brick  arches.  It  is 
unfortunate  that  the  date  of  manufacture  of  these  cast  iron 
beams  is  not  stated. 


It  may  be  said  in  passing  that  in  addition  to  the  eight  pat¬ 
ents  mentioned  above  Mr.  Butz  was  granted  on  the  same  day, 
September  9th,  1884,  eight  patents  on  shapes  for  columns  and 
store  fronts  to  be  followed  by  five  more  on  December  2nd,  1884, 
and  one  on  June  13th,  1893,  the  last  being  for  a  zee  bar  column 
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section  rolled  in  one  piece.  In  Mr.  Butz’s  case  the  process  of 
nivelization  has  proved  stronger  than  that  of  variation. 

The  idea  of  providing  an  inclined  surface  for  floor  arches  is 
seen  also  in  patent  670,309  issued  March  19th,  1901,  to  Cyrus 
M.  Carnahan,  also  of  Allegheny,  Pa.  The  figure  shows  only  the 
wall  girder  shape;  intermediate  girders  are  made  with  a  plate 
and  two  of  the  special  shaped  pieces.  The  system  was  designed 
especially  for  side  construction  floor  arches. 

The  universal  shape  lies  back  of  patent  496  465  issued  May 
2nd,  1893,  to  Thomas  Sidney  White,  of  New  Brighton,  Pa.,  Chief 
Engineer,  if  the  writer  mistakes  not,  of  the  Penn  Bridge  Com¬ 
pany,  Beaver  Falls,  Pa.  The  single  zee  like  shape  is  seen  in  the 
figure  to  be  built  up  into  a  number  of  different  combinations 
and  it  is  obvious  there  are  numerous  other  possible  combina¬ 
tions.  Mr.  White  was  granted  also  patent  496  464  on  the  same 
date.  That  patent  covers  a  section  for  a  light  compound  floor 
beam  to  take  the  place  of  the  series  of  heavy  beams  and  arches 
commonly  employed  in  fireproof  construction  and  elsewhere. 
The  system  constituted  in  effect  a  continuous  crimp  or  trough 
plate  or  corrugated  metal  floor  to  which  Mr.  White  gave  the 
name  “laterally  continuous  girder”  because  the  integral  sec¬ 
tions  were  to  be  bolted  or  riveted  together  edgewise.  So  far  as 
the  writer  knows  these  sections  were  never  rolled,  at  least  they 
do  not  appear  in  any  steel  maker’s  books. 

Mr.  Reinhold  Gocht,  of  Zittau,  Saxony,  Germany,  lived  in 
the  days  when  wood  floors  were  fastened  direct  to  steel  beams. 
His  invention  in  patent  359  721,  dated  March  22nd,  1887,  con¬ 
sisted  chiefly  in  the  combination  of  a  beam  flanged  for  the  sup¬ 
port  the  woodwork  with  a  grooved  guide  block,  which,  aided  by 
said  flanged  beam,  causes  the  nails  to  bend  into  the  form  of 
hooks  after  they  have  passed  through  the  flooring  or  other  wood¬ 
work  and  prevents  them  from  being  withdrawn.  Lugs  were  also 
to  be  rolled  on  Mr.  Gocht ’s  beams  near  the  bottom  to  hold  the 
ceiling  in  place  and  also  at  their  centers  to  support  woodwork; 
what  for,  the  patent  does  not  say,  though  it  does  say  the  flanged 
beam  and  girder  block  obviates  the  necessity  for  wooden  beams, 
and  the  inconveniences  of  fungus  growth  and  dry  rot,  and  per¬ 
haps  the  division  of  the  space  between  floor  and  ceiling  into 
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two  compartments  might  tend  to  better  ventilation  and  therewith 
to  preservation  of  the  wooden  floor  and  ceiling. 

Mr.  Arthur  E.  Krause,  of  Jersey  City,  N.  J.,  patent  522  736, 
of  July  10th,  1894,  is  aware  that  constructions  had  been  devised 
to  replace  wooden  studding  by  metal  in  such  shapes  as  to  permit 


the  attachment  of  various  building  materials  to  the  same  by 
means  of  nails,  spikes  or  hooks.  These  constructions  had  been 
limited  to  sheet  metal  and  their  general  application  had  been 
confined  to  light  work  and  not  to  building  work  generally.  Mr. 
Krause’s  construction,  however,  by  reason  of  the  wide  range  of 
possible  sizes  and  the  thickness  of  his  specially  shaped  angle- 
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irons,  was  applicable  to  the  heaviest  possible  uses,  and  by  reason 
of  the  separation  of  the  constituent  parts  from  one  another  by 
open  contracted  spaces  they  afford  facilities  not  only  for  the 
driving  of  nails  or  spikes,  but  also  for  connections  of  other 

structural  pieces  not  admissible  in  other  beams,  girders  or  posts 

♦  # 

used  hitherto.  It  is  obvious  from  the  figure  that  the  nails  or 
spikes  driven  between  the  web  plate  and  the  down  turned  edge 
of  the  angles  would  be  held  as  in  a  vise,  especially  if  the  nails 
were  serrated.  Mr.  Krause's  angles  could  be  riveted  to  channels, 
zee  bars,  tees,  etc.,  etc.,  as  well  as  to  plain  plates  in  making 
regular  plate  girders. 

11.  The  Spiral  Girder  and  Some  Beam  Curios:  Fig.  14. 
The  human  mind  sometimes  works  in  most  devious  ways,  and 
the  student  of  ideas  as  reflected  in  patents  sometimes  stumbles 
upon  very  crude  products  of  its  operation.  Here  is  not  the  place 
to  discuss  many  such;  we  will,  however,  mention  three  good 
specimens. 

The  spiral  girder  appears  in  patent  379  217  dated  March 
13th,  1888,  and  issued  to  William  Waren  Green,  of  Chicago, 
Ill.  These  spiral  girders  were  to  be  applicable  in  all  cases  of 
ordinary  girders  and  the  same  form  of  girder  was  to  be  suitable 
to  be  used  for  masts  of  vessels,  lighthouses  or  wherever  a  ver¬ 
tical  column  requires  to  be  erected  to  a  great  vertical  height.  A 
spiral  girder  consists  of  the  breast  plates  A  between  which  the 
spiral  or  girder  is  confined  and  against  which  are  tightened  the 
nuts  used  on  the  tie  rods;  a  spiral  B  composed  of  iron  and  in¬ 
strumental  in  keeping  the  tension  and  compression  rods  or  pipes, 
through  which  the  whole  strain  of  the  girder  is  taken,  at  their 
respective  distances  apart;  C,  rods  or  cables  extending  the  entire 
length  of  the  girder  to  bind  the  girder  together  and  to  take  any 
tensile  stresses  which  may  develop ;  D,  the  compression  rods  or 
pipes  covering  the  tie  rods  or  cables  C  and  through  which  the 
compression  strain  of  the  girder  is  taken ;  E,  a  guy  rod  or  cable 
secured  to  the  breast  plates  A  at  each  end,  the  middle  part  of 
the  guy  rod  passing  underneath  the  spiral  of  the  girder.  Each 
individual  compression  rod  or  pipe  I)  equals  in  length  the  dis¬ 
tance  between  the  successive  helical  surfaces  of  the  spiral :  that 
is  to  say,  is  made  in  short  pieces,  and  each  continuous  line  of 
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said  compression  pipes  acts  as  one  undivided  length,  being 
formed  into  one  and  compelled  to  act  as  a  unit  by  the  binding 
action  of  the  tie  rods  or  pipes  C  which  go  from  one  end  of  the 
girder  to  the  other.  The  guy  rod  E,  of  which  there  may  be 
several,  takes  tension  stress  and  also  acts  as  a  diagonal  brace. 
It  is  of  importance  chiefly  in  that  case  where  the  girder  is  sup¬ 
ported  at  each  end.  Where  the  girder  is  supported  at  the  middle, 
the  guy  rod  is  of  no  service,  or  if  used  at  all,  should  be  placed 
on  the  top  side  of  the  girder. 

In  the  investigation  of  beams  and  girders  Mr.  Robert  Henry 
Cousins,  of  McKinney,  Texas,  stumbled  upon  the  fact  that  the 
ordinary  theory  of  beam  design  is  entirely  wrong,  and  his  letters 
patent  417  706,  dated  December  24th,  1889,  not  only  contains  a 
certain  new  and  useful  improvement  in  the  form  or  shape  of  the 
transverse  section  of  beams,  girders  and  railroad  rails,  but  also 
a  new  theory  of  flexure.  He  says,  “The  usual  and  only  known 
method  used  by  constructors  of  beams,  girders  and  railroad 
rails  to  compute  their  strength  and  conversely  that  which  they 
are  constructed  to  have  a  given  transverse  strength  is  that  known 
as  the  common  theory  of  flexure,  which  assumes  the  existence  of 
a  neutral  axis  that  passes  through  the  center  of  gravity  of  the 
section,  with  respect  to  which  the  moment  of  resistance  of  the 
section  must  be  computed.  The  stress  or  strain  in  the  bottom 
and  the  top  fibers  of  the  beam  or  girder  is  assumed  to  be  an 
empirical  quantity  called  the  modulus  of  rupture,  all  of  which 
assumptions  are  erroneous  and  assume  the  existance  of  mechan¬ 
ical  conditions  that  are  physically  impossible.  I  have  discovered 
that  the  fulcrum  or  axis  around  which  the  load  breaks  the  beam, 
girder  or  railroad  rail,  and  with  respect  to  which  the  moment 
of  resistance  of  their  transverse  sections  must  he  computed,  is 
a  line  in  the  top  or  compressed  side  of  the  beam  or  girder  and 
that  there  is  a  neutral  line  or  line  of  no  strain  within  the  section 
parallel  to  the  above  described  axis,  the  compression  and  tensile 
strain  increasing  uniformly  from  this  neutral  line  towards  the 
top  and  bottom  of  the  transverse  section,  respectively,  and  at 
the  instant  of  rupture  becomes  the  crushing  and  tensile  strength 
of  the  material  composing  the  beam,  girder  or  railroad  rail. 
The  position  of  the  above  described  neutral  line  is  determined 
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from  the  condition  that  the  moment  of  compressive  resistance 
shall  be  equal  to  the  moment  of  tensile  resistance,  both  computed 
with  respect  to  the  above  described  fulcrum.  ”  Every  flanged 
beam,  he  states  further,  may  be  conceived  to  be  constructed  by 
the  removal  of  a  certain  portion  of  a  rectangular  beam  whose 
depth  and  breadth  is  the  depth  and  breadth  of  the  section  in 
question.  The  moment  of  compressive  resistance  of  the  rectan¬ 
gular  beam  may  be  graphically  represented  by  two  pyramids 
with  rectangular  bases  placed  base  to  base.  The  sum  of  the 
height  of  these  pyramids  is  the  depth  of  the  neutral  line  below 
the  axis.  The  apex  A  of  one  pyramid  represents  the  moment  of 
resistance  of  the  material  of  the  rectangular  beam  at  the  axis, 
and  the  apex  N  of  the  other  that  of  the  material  at  the  neutral 
line,  from  which  it  is  evident  that  the  moment  of  compressive 
resistance  increases  from  the  fulcrum  and  neutral  line  and  that 
it  becomes  a  maximum  at  one-half  the  distance  between  these 
lines  and  is  represented  by  the  base  of  these  pyramids.  The 
height  of  each  pyramid  is  one-lialf  the  distance  between  the  axis 
and  the  neutral  line,  and  the  base  of  each  is  one-half  this  height 
by  the  breadth  of  the  rectangular  beam.  The  volume  of  these 
two  pyramids  multiplied  by  the  crushing  strength  is  one-half 
the  required  moment  of  resistance  of  the  rectangular  section. 
From  this  graphic  representation  it  is  evident  that  the  material 
at  and  near  one-half  the  depth  between  the  neutral  line  and  the 
fulcrum  is  the  most  effective  to  resist  the  transverse  load,  and, 
therefore,  should  not  be  removed  from  the  rectangular  section 
in  order  to  construct  a  flanged  beam.  The  shaded  portions  in 
the  figure  represent  the  material  which  can  be  removed,  and  in 
order  to  preserve  the  required  equilibrium  between  the  moments 
of  compressive  and  tensile  resistance,  sufficient  material  must  be 
removed  from  the  tension  area  immediately  below  the  neutral 
line,  where  it  is  the  least  effective,  to  cause  the  moment  of  tensile 
resistance  of  the  remainder  to  be  equal  to  the  other  half  of  the 
required  moment  of  resistance  of  the  section. 

This  discovery  of  the  position  of  the  fulcrum  and  of  the 
neutral  line  and  that  the  most  effective  metal  was  at  one-half  the 
distance  between  these  lines  in  the  transverse  section,  Mr. 
Cousins  believed  to  be  new  with  him  and  to  be  of  practical  value 
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in  the  arts  and  manufacture.  It  is  apparent,  however,  that 
Mr.  Cousins  has  fallen  into  the  great  snare  of  mathematical 
elasticians  and  has  failed  to  test  his  theory  by  experimentation. 
As  already  intimated  in  the  opening  of  this  paper,  applied 


Fig.  15.  Beam  Connections. 


science  fears  mathematics  but  serves  its  own  gods  and  follows 
the  indications  of  the  testing  machine  rather  than  those  of  fine 
hair  computations.  Apparently  Mr.  Cousins  did  not  know  that 
Eaton  Hodgkinson  and  Peter  Barlow  had  ascertained  the  exact 
position  of  the  neutral  axis  in  beams  of  various  types  and  ma¬ 
terials  by  the  tedious  and  certain  method  of  experimental  in¬ 
vestigation. 
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The  fire  risk  is  always  with  us,  and  builders  have  ever  at¬ 
tempted  to  anticipate  and  circumvent  possible  danger  of  con¬ 
flagration.  The  introduction  of  metal  beams  in  building  con¬ 
struction  and  possibly  observation  of  the  warping  and  twisting 
effect  of  fire  on  such  beams  caused  Mr.  Joshua  Merrill,  of  Bos¬ 
ton,  Mass.,  to  consider  their  improvement,  which  he  did  in  patent 
64  783,  dated  May  14th,  1867.  The  nature  of  his  invention  con¬ 
sisted,  first,  in  a  metallic  beam  suitable  for  building  purposes, 
made  hollow  and  watertight  so  that  it  could  contain  a  body  of 
water  within  it  which  could  be  introduced  by  suitable  apertures 
in  the  top  or  upper  side  of  the  beam;  second,  of  combining  with 
said  beam  a  body  of  water  contained  within  the  beam  for  the 
purpose  of  preventing  the  beam  from  being  heated  above  the 
temperature  of  boiling  water  when  exposed  to  the  action  of  fire, 
so  long  as  the  water  lasted,  and  also  for  the  purpose  of  aiding 
in  extinguishing  the  fire  by  the  steam  escaping  from  the  beam. 
Mr.  Merrill's  beam  as  shown  in  the  figure  is  built  up  box  girder 
fashion  of  standard  shapes  and  plates  riveted  tightly  together 
so  as  to  form  a  watertight  box  protected  from  rust  by  thorough 
painting  of  the  parts  before  assembling.  In  the  top  plate  are 
apertures  which  should  be  stopped  with  a  cork  or  other  similar 
plug  that  would  prevent  evaporation  of  the  water  and  yet  yield 
to  the  pressure  of  vapor  or  steam  from  the  water  enclosed  within 
the  beam  when  heated.  Should  fire  take  place  within  the  build¬ 
ing,  the  beams  cannot  be  heated  hotter  than  boiling  water  so 
long  as  the  water  lasts,  and,  therefore,  will  maintain  their  rigid¬ 
ity  and  keep  in  position  better  than  ordinary  beams  of  metal. 

It  is  obvious  that  if  this  scheme  is  of  any  real  value,  the 
proper  system  to  use  would  be  that  of  a  series  of  square  pipes 
filled  with  water  in  continuous  circulation  under  pressure:  in 
other  words,  a  modern  sprinkler  system  modified  to  be  suitable 
for  use  in  building  construction. 

12.  Beam  Connections :  Fig.  15.  It  is  not  the  purpose  of 
this  paper  to  go  into  any  description  of  the  methods  in  which 
various  shapes  may  be  used.  Anyone  who  is  familiar  with  the 
detailing  of  iron  and  steel  work  and  who  has  occasion  to  study 
large  numbers  of  plans  submitted  by  engineers,  architects  and 
others,  will  know  without  further  words  that  impracticable  de- 
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tails  are  very  often  presented  to  the  man  whose  business  it  is  to 
fabricate  structures.  It  may  be  interesting,  however,  to  place 
here  an  illustration  of  some  of  the  details  for  splicing  beams  and 
connecting  them  together  in  comparatively  simple  cases. 

Mr.  Peter  H.  Jackson  come  before  us  first  in  patent  121,374, 
dated  November  28th,  1871,  as  a  resident  of  New  York,  N.  Y., 
and  his  invention  covers  a  cast  iron  girder,  not  illustrated  here, 
of  a  bow  string  type  with  the  bow  upwards,  spliced  at  the  center 
by  a  ball  and  socket  joint  but  having  a  tie  rod  at  the  bottom  to 
take  the  tensile  stresses.  In  his  other  patents  illustrated  in  the 
figure  he  is  a  resident  of  San  Francisco,  State  of  California,  and 
is  particularly  disturbed  by  the  ordinary  method  of  uniting  the 
ends  of  the  so-called  trimmer  beams  and  the  header  beams  so 
as  to  keep  them  at  the  same  level  and  to  form  a  strong  and  ad¬ 
justable  union  between  them  in  order  to  distribute  the  load  from 
the  trimmer  beam  equally  on  the  header  beam.  Patent  279  249, 
dated  June  12th,  1883,  shows  such  a  union  consisting  of  a  shoe 
having  tongues  projecting  above  and  below  the  header  beams  and 
a  suitable  socket  on  one  side  into  which  the  end  of  the  trimmer 
beam  fits  and  is  bolted.  By  making  tongues  on  the  top  and 
bottom  to  fit  all  the  beams  composing  the  header,  or  by  wedging 
them  so  as  to  equalize  the  pressure,  the  weight  of  the  trimmer 
is  distributed,  he  says,  on  all  the  beams. 

Patent  291  192,  of  January  1st,  1884,  illustrates  the  modi¬ 
fied  form  of  this  joint  in  which  independent  wrought  iron  plates 
extend  across  the  girder  or  girders  and  over  the  ends  of  the 
beam  above  and  below,  and  a  wrought  iron  clamp  or  band  would 
surround  the  end  of  the  beam  and  the  plates,  together  with  bolts, 
wedges  and  check  pieces. 

In  patent  405  358,  dated  June  18th,  1889,  Mr.  Jackson  is 
still  using  the  top  and  bottom  plates  but  he  has  introduced  a 
novel  feature  which  enables  him  to  dispense  with  holes  and  bolts 
in  the  trimmer  beams  or  header  beams,  and,  therefore,  to  avoid 
the  time  and  expense  of  handling  and  transporting  these  heavy 
beams  from  the  rolling  mill  or  place  of  manufacture  to  the  place 
where  they  are  to  be  fabricated  to  prepare  them  for  being  put 
together.  The  novelty  consists  in  the  use  of  cams  or  wedge 
pieces  which  abut  against  the  bolts  through  the  top  and  bottom 
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plates  while  their  other  ends  press  against  the  sides  of  the  beams 
forming  the  girder  and  force  the  beams  together  so  as  to  prevent 
any  lateral  movement. 

Patent  444  578,  dated  January  13th,  1891,  illustrates  Mr. 
Jackson’s  beam  splice  which  consists  of  a  series  of  special  cast¬ 
ings,  plates  and  fillers  forming  a  snugly  fitting  groove  into  which 
the  ends  of  the  two  beams  to  be  spliced  are  slipped  and  to  which 
they  are  fastened  by  bolts  and  rivets. 

Patent  444  579,  issued  January  13th,  1891,  shows  Mr.  Jack¬ 
son’s  most  important  improvements  for  lengthening  iron  and 
steel  rolled  and  other  metallic  beams  or  girders  and  strengthen- 
ing  the  joints  at  their  abutting  ends.  The  splice  consists  essen¬ 
tially  of  a  metallic  band  or  bands  enclosing  the  beams  at  the 
joints,  and  in  connection  with  these  enclosing  bands  of  cheek 
pieces  or  filling  pieces  and  wedges  which  serve  as  means  for 
tightening  the  filling  pieces  between  the  bands  and  the  girders. 
All  that  is  necessary  to  do  in  this  construction  is  to  slip  on  the 
band,  slip  in  the  beams  and  filling  pieces  and  drive  the  tapered 
wedges  home. 

Mr.  John  F.  Sims  and  Mr.  Willard  B.  Morris,  also  of  San 
Francisco,  Cal.,  in  patent  368,019,  dated  August  9th,  1887,  de¬ 
vised  a  new  and  useful  beam  connection  to  meet  the  same  ends 
as  was  done  by  Mr.  Jackson.  Their  beam  connection,  as  shown 
in  the  figure,  consists  of  the  regular  wrought  iron  bent  stirrup 
with  special  filling  pieces  to  fit  snugly  between  the  flanges  of  the 
I-beams  and  with  a  spacing  bar  passing  through  the  web  of  the 
trimmer  beam  and  fastened  tightly  by  bolts  passing  through 
the  stirrups  or  filling  pieces  to  the  header  beams. 

Mr.  Francisco  Cavallaro,  of  San  Jose,  Cal.,  also  devised 

such  joints  as  shown  in  patents  495  783,  of  April  18th,  1893, 

and  508  280  of  November  7th,  1893,  the  design  and  method  of 

application  of  which  is  shown  very  clearly  in  the  figures. 

###### 

This  discussion  of  the  history  of  metallic  beams  and  girders 
as  reflected  in  the  records  of  the  Patent  Office  will  serve  to  point 
to  a  neglected  field  from  which  may  be  obtained  valuable  side 
lights  on  the  progress  of  the  manufacture  and  use  of  the  essen¬ 
tial  elements  of  the  art  and  will  serve  to  give  point  to  the  obser- 
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vation  already  made,  that  the  history  of  any  art  or  science  runs 
parallel  with  the  course  of  nature,  and  that  while  natural  law, 
as  Henry  Drummond  so  beautifully  pointed  out  years  ago,  has 
its  analogues  in  the  spiritual  world,  so  most  certainly  does  it 
have  its  analogies  in  the  material  world,  and  the  record  of  the 
development  of  any  art  or  science  is,  so  to  speak,  the  record  of 
the  operation  of  processes  or  principles  which  are  of  almost 
general  or  universal  application.  The  types  of  construction 
which  persist  as  the  resultant  of  the  combined  forces  of  nivel- 
ization  and  variation  do  so  because  after  all  they  are  the  best 
fitted  to  survive. 

^  ^  ^  ^  # 

Of  all  men  engineers  should  be  accurate.  It  is  painful, 
however,  to  note  in  a  standard  publication  on  bridge  design 
printed  in  1911  a  statement  to  the  effect  that  it  is  now  possible 
to  obtain  beams  up  to  24  in.  in  depth  and  up  to  30  ft.  in  length , 
and  to  read  that  certain  things  transpired  about  a  certain  time, 
when  a  casual  reference  to  a  rolling  mill  handbook  or  a  very 
little  scrutiny  of  an  encyclopaedia  is  sufficient  to  fix  these  mat¬ 
ters  with  absolute  precision.  If  the  reader  of  this  paper  finds 
any  inaccurate  statements  herein  or  if  he  can  supplement  the 
information  given  by  fuller  and  more  precise  data,  the  writer 
will  most  certainly  appreciate  the  receipt  of  either  public  or 
private  communications  thereon. 

DISCUSSION 

Mr.  A.  Stucki  :  This  has  certainly  been  a  most  interesting 
paper.  Is  shows  what  has  been  done  in  the  past  in  order  to  ob¬ 
tain  the  present  state  of  perfection  and  it  also  points  out  the 
direction  in  which  we  have  to  work,  in  order  to  obtain  still 
greater  efficiency. 

I  was  especially  interested  in  a  section  which  had  the  com¬ 
pression  flanges  stiffened  much  more  than  the  tension  flanges. 
This,  theoretically,  is  entirely  correct  but  I  remember  we  once 
had  a  crane  girder  built  that  way.  The  span  was  about  80  feet 
and  we  soon  found  that  heavy  masses  swinging  on  it  produced 
too  great  vibrations  and  if  we  could  have  rebuilt  the  girders, 
a  box  girder  section  would  have  been  used.  We  did  add  on  the 
outside  of  each  crane  girder  a  horizontal  lattice  girder  about 
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one-third  the  height  from  the  top  down  and  used  it  at  the  same 
time  for  a  foot  walk. 

I  cannot  add  anything  to  this  paper.  It  is  very  complete 

in  itself  and  it  shows  a  great  deal  of  work  on  the  part  of  Mr. 

% 

Woodworth. 

Mr.  Lee  C.  Moore:  Not  being  expert  in  structural  steel  I 
have  always  had  a  vague  idea  that  when  the  Structural  Engi¬ 
neer  wanted  to  strengthen  the  members  he  would  at  some  future 
time  introduce  a  high  carbon,  in  order  to  get  higher  tensile 
strength.  I  would  like  to  have  Mr.  Woodworth’s  idea  as  to 
what  he  thinks  of  this. 

The  Author  :  Carbon  is  a  very  good  thing  in  its  way  and 
in  its  place.  It  makes  first  class  electric  lights  and  is  an  excellent 
material  for  firing  locomotive  boilers,  etc.  The  addition  of  carbon 
to  iron  increases  the  ultimate  tensile  strength  of  the  material  at 
the  rate  of  950  pounds  or  more  per  square  inch  for  each  point 
(hundredth  of  one  percent)  of  carbon,  depending  upon  the  pres¬ 
ence  or  absence  of  other  ingredients  such  as  manganese,  copper, 
etc.,  so  that  it  is  possible,  within  limits,  simply  by  the  addition  of 
carbon,  manganese,  etc.,  to  obtain  in  steel  any  degree  of  ultimate 
tensile  strength  desired.  The  increase,  however,  in  the  percent¬ 
age  either  of  carbon  or  manganese,  or  both,  carries  with  it  an 
increase  in  hardness  with  a  decrease  in  ultimate  tensile  strength 
beyond  certain  limits.  Cast  iron  such  as  is  used  in  building 
construction  is  simply  iron  with  a  high  percent  of  carbon  and 
with  a  high  compressive  strength,  a  low  tensile  strength  and 
great  brittleness.  Steel  freight  car  wheels  are  made  with  65  to 
85  points  of  carbon  and  60  to  85  points  manganese,  and  have 
a  high  tensile  strength.  They  have  also  a  high  resistance  to 
abrasion  or  wear  due  to  their  hardness,  but  are  difficult  to 
machine. 

In  the  Proceedings  of  the  Engineers’  Club  of  Philadelphia, 
published  in  1893,  will  be  found  a  paper  dealing  with  the  ad¬ 
vantages  of  high  carbon  steel  for  structural  purposes,  the  dis¬ 
cussion  of  which  was  participated  in  by  Mr.  A.  L.  Colby,  of 
South  Bethlehem,  who  is  well  known  as  a  metallurgical  engineer, 
and  in  which  is  to  be  found  the  recommendation  that  the  carbon 
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content  of  the  steel  be  increased  so  as  to  give  a  relatively  high 
ultimate  tensile  strength.  Since  that  date,  however,  we  have 
passed  through  what  might  be  called  the  high  carbon  period  in 
the  manufacture  of  steel  for  building  and  bridge  construction, 
and  while  in  1900  it  was  common  practice  to  use*  medium  steel 
with  an  ultimate  tensile  strength  of  from  60  000  to  70  000 
pounds,  it  is  now  the  approved  practice  to  use  a  softer  steel. 
The  specification  of  the  American  Railway  Engineering  Asso¬ 
ciation  for  steel  railway  bridges,  which  is  the  standard  speci¬ 
fication  in  that  line,  calls  for  a  desired  ultimate  tensile  strength 
of  60  000  pounds,  with  a  range  of  from  55  000  to  65  000  pounds. 
To  reach  these  requirements  it  is  only  necessary  to  use  18  to  25 
points  of  carbon,  with  the  result  that  the  fabricating  shops  have 
a  material  which  works  much  more  readily  and  is  a  more  re¬ 
liable  material. 

Mr.  Lee  C.  Moore  :  I  think  the  carbon  element  was  the 
means  that  enabled  Roebling  to  discover  the  principal  of  the 
Suspension  Bridge  or  rather  carry  it  to  its  present  successful 
position  as  compared  with  structural  steel  bridges  under  certain 
conditions.  My  reason  for  this  opinion  is  because  originally  Mr. 
Roebling  designed  and  built  several  bridges  using  Norway  iron. 
One  across  the  Mississippi  River  at  Minneapolis.  A  little  later 
than  the  building  of  this  bridge  using  iron  wire,  bessemer  steel 
came  into  use  and  still  later  the  quality  of  the  steel  was  im¬ 
proved  from  time  to  time  both  in  ductility  and  tensile  strength. 
As  the  qualities  of  the  higher  grades  of  steel  were  improved  it 
was  found  easy  to  handle  our  work,  this  material  and  these 
features  are  what  made  the  now  old  Brooklyn  Bridge  possible. 
In  other  words  there  can  be  no  question  but  that  comparatively 
higher  carbon  and  at  the  same  time  ductile  steel  was  the  secret 
of  the  great  Engineer  Roebling ’s  success  as  a  bridge  designer. 

The  above  is  what  led  me  to  speak  as  I  did  a  few  moments 
ago  in  substance  that  it  had  occurred  to  me  there  might  be  some 
chance  to  strengthen  the  structural  member  in  the  same  way  as 
used  to  produce  a  higher  tensile  strength  quality  of  steel  wire 
for  a  great  many  different  purposes,  for  which  iron  or  low 
carbon  steel  can  never  be  made  available. 


DISCUSSION — METALLIC  BEAMS  AND  GIRDERS 


81 


The  Author  :  Mr.  Moore  is  right  as  to  the  use  of  carbon 
in  the  manufacture  of  wire  and  wire  rope,  but  the  conditions  in 
the  use  of  wire  and  wire  rope  are  quite  different  from  those 
which  obtain  in  the  use  of  structural  steel.  The  wire  is  drawn 
and  after  finishing  is  not  subject  to  any  other  manufacturing 
processes  than  those  which  are  necessary  to  twist  the  strands 
into  a  rope.  Structural  steel,  however,  has  not  only  to  be  rolled 
in  the  mill  to  produce  a  finished  article,  but  also  after  manufac¬ 
ture  at  the  mill  has  to  be  put  through  fabricating  processes  in 
the  shop,  and  high  carbon  content  makes  the  steel  harder  to  roll 
in  the  mill  and  harder  to  work  in  the  shop.  The  structural 
engineer  of  today  when  he  requires  a  higher  tensile  strength 
than  can  be  gotten  in  a  low  carbon  steel  adds  percentages  of 
nickel,  which  increases  the  ultimate  tensile  strength  without, 
however,  decreasing  the  ductility  of  the  material  or  increasing 
its  hardness,  and  a  long  series  of  investigations  go  to  show  that 
in  the  modern  long  span  bridge  where  it  is  desirable  to  reduce 
the  sizes  of  the  members,  it  can  best  be  done  by  the  use  of  nickel. 
The  nickel  steel  eye-bar  has,  therefore,  come  into  large  favor  for 
such  bridges.  The  addition  of  nickel,  however,  does  not  add 
greatly  to  the  compressive  strength  of  the  steel,  and,  therefore, 
nickel  steel  does  not  possess  much  advantage  over  low  carbon 
steel  in  the  compression  members  of  bridges  and  buildings. 


ELECTRIC  FURNACE  PRODUCTION 
OF  PIG  IRON  AND  PIG  STEEL 


By  Jos.  W.  Richards* 


Mr.  President  and  gentlemen  of  the  Society :  It  gives  me 
very  great  pleasure  to  meet  you  again  tonight.  I  spoke  to  a 
Pittsburgh  audience  about  two  years  ago  on  the  general  subject 
of  what  electro-chemistry  is  accomplishing,  discussing  in  general 
the  different  fields  it  covers.  About  a  year  ago  I  had  the  fur¬ 
ther  pleasure  of  talking  to  }’on  upon  a  more  specific  subject,  on 
what  electro-chemistry  is  accomplishing  in  Sweden  and  Nor¬ 
way,  limiting  myself  to  the  industrial  revolution  which  is  being 
accomplished  there  by  electro-chemistry  and  electro-metallurgy. 
Tonight  I  have  selected  a  still  more  specific  topic,  namely,  the 
electric  furnace  production  of  pig  iron  and  pig  steel.  It  is  a 
great  satisfaction  to  me  to  see  that  as  the  topics  become  narrow¬ 
er  and  more  specific  they  seem  to  attract  more  attention  from 
you.  Therefore,  tonight  I  shall  deal  specifically  with  the  tech¬ 
nical  side  of  the  process  of  the  reduction  of  iron  ores  to  pig 
iron  and  pig  steel  in  an  electrically  heated  furnace. 

Not  more  than  five  years  ago  there  was  practically  no  lit¬ 
erature,  nor  had  anything  been  done,  in  this  line.  The  only 
experiments  that  had  been  made  were  those  at  Sault  Ste.  Marie 
by  the  Canadian  Commission,  to  determine  as  well  as  they  coul  1 
whether  it  was  possible  to  produce  pig  iron  from  ore  in  an 
electric  furnace.  The  furnace  adopted  was  the  simplest  type, 
about  the  size  and  shape  of  a  dry  goods  box.  with  an  electrode 
hanging  in  the  top  and  the  ore  shoveled  in  by  hand.  It  was 
a  primitive  kind  of  electric  furnace,  and  the  data  thus  obtained 
were  merely  approximations.  And  yet,  on  the  basis  of  the  ex¬ 
periments  at  Sault  Ste.  Marie,  of  which  the  Canadian  govern- 
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ment  published  a  very  full  and  accurate  report,  it  was  proclaim¬ 
ed  that  the  electric  furnace  production  of  pig  iron  should  be  com 
mercially  profitable  operation  in  Canada. 

It  was  the  report  of  this  Commission  which  attracted  the 
attention  and  inspired  the  enthusiasm  of  some  Swedish  engineers 
living  at  Ludvika  in  Sweden,  three  young  men  named  Groen- 
wall,  Lindblad  and  Stalhane,  and  they  determined  to  try  their 
hand  at  what  could  be  done  in  the  line  of  a  really  practicable 
furnace  properly  designed  to  reduce  iron  ores.  They  persuaded 


Fig.  1.  Interior  of  Trollhattan  Power  House. 

The  Trollhattan  power  house  is  handsomely  built  of  granite,  and  is  run  by 
the  Government,  supplying  power  at  $12.00  per  horse-power  year  to  all 
the  towns  and  cities  in  the  vicinity. 

the  copper  work’s  company  at  Falun,  near  Ludvika  to  back  them 
up  with  money.  They  had  to  start  without  experience  in  this 
line,  and  also  without  the  experience  of  any  one  else  to  profit 
by,  and  naturally  made  a  great  many  mistakes.  They  worked 
for  two  years  before  they  had  a  furnace  that  was  meas¬ 
urably  satisfactory.  They  had  built  five  furnaces  during  that 
time  and  the  cost  of  their  experiments  was  nearly  $200  000. 
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But  they  were  upheld  throughout  by  the  conviction  that  they 
were  embarked  on  an  enterprise  which  was  to  revolutionize  the 
iron  industrv  of  their  native  land.  They  saw  clearly  that 
Sweden  had  come  nearly  to  the  end  of  its  career  in  manufac¬ 
turing  pig  iron  in  the  blast  furnace.  The  reputation  of  Sweden 
for  pig  iron  is  based  on  the  fact  of  their  making  charcoal  pig 
iron,  using  the  charcoal  which  they  had  in  abundance.  Within 
the  past  five  years  the  price  of  charcoal  in  Sweden  has  doubled, 
and  their  manufacturers  were  facing  the  necessity  of  giving 
up  the  manufacture  of  charcoal  iron.  They  could  not  import 


Fig.  2.  Furnace  Building,  in  August,  1910. 

In  August,  1910,  the  furnace  building  was  nearly  completed,  the  furnace 
being  thus  entirely  enclosed.  The  ore  and  charcoal  are  brought  up  the 
incline  to  the  charging  door. 

coke,  for  such  fuel  would  bring  their  pig  iron  in  direct  compe¬ 
tition,  as  regards  quality,  with  the  rest  of  Europe.  And  these 
young  men  saw  that  the  only  salvation  of  their  pig  iron  industry 
was  to  continue  making  pig  iron  by  means  of  charcoal,  and  they 
saw  in  the  electric  furnace  the  only  chance  to  save  the  industrv. 
In  the  electric  furnace  only  one-third  as  much  fuel  is  required, 
per  ton  of  iron,  as  in  the  blast  furnace.  In  the  blast  furnace,  if 
you  use  a  ton  of  fuel  to  make  a  ton  of  pig  iron,  you  are  burn¬ 
ing  two-thirds  of  that  ton  of  fuel  to  get  the  heat  necessary  to 
do  the  smelting  and  only  one-third  of  the  ton  is  used  for  the 
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chemical  reduction  of  the  ore.  If  the  electric  furnace  is  used 
you  need  only  that  last  third  of  a  ton  for  its  chemical  reducing 
action,  the  use  of  the  other  two-thirds  being  displaced  by  elec¬ 
trically  generated  heat.  Therefore,  with  a  limited  supply  of 
charcoal  it  was  possible  to  get  three  times  as  much  pig  iron 
from  electric  furnaces  as  from  blast  furnaces,  and  the  cost  of 
charcoal  figures  only  one-third  as  much  per  ton  of  pig  iron  made 
in  the  electric  furnace  as  for  the  pig  iron  made  in  the  blast 
furnace. 


Fig.  3.  Charcoal  Store-house. 

The  various  kinds  of  Swedish  charcoal  available  for  furnace  use  are  stored 
in  this  building-,  a  traveling  belt  carrying  the  charcoal  up  from  the  rail¬ 
way  cars  on  the  right,  and  trolley  buckets  conveying  it  up  to  the 
furnace,  on  the  left. 

In  1909  they  had  in  operation  their  fifth  furnace,  which 
was  designed  to  take  1500  horse  power,  and  which  ran  at  500 
to  800  h.  p.  for  several  months  at  Domnarfvet,  where  there  are 
some  blast  furnaces  and  a  steel  works.  Some  of  the  best  metal¬ 
lurgists  in  Sweden  came  to  see  the  furnace  and  what  was  being 
done  in  it,  and  Prof.  Odelsternja  known  to  most  of  you  as  an 
iron  and  steel  expert,  certified  that  without  doubt  pig  iron 
could  be  made  in  that  small  furnace  cheaper  than  it  could  be 
made  in  their  blast  furnaces.  That  report  was  made  about  two 
years  ago.  This  so  interested  the  Iron  and  Steel  Makers  Asso- 
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ciation  of  Sweden,  the  “Jern  Kontoret”,  that  they  decided  at 
once  to  take  up  the  matter.  They  first  of  all  bought  the  patents 
covering  this  furnace,  and  having  done  this  they  appropriated 
$100  000  for  experiments  to  build  a  furnace  on  a  large  scale, 
much  larger  that  the  one  at  Domnarfvet,  to  determine  how  it 
would  work  with  the  different  ores  and  the  different  grades  of 
charcoal  which  were  available  in  Sweden.  This  action  was 
based  on  the  fact  that  their  own  experts  had  assured  them  that 


Fig.  4.  Charging  Floor  of  Furnace. 

This  view  of  the  charging  floor  shows  the  charcoal  buckets  and  ore  shovel; 
also  a  pilot  jet  of  burning  gas  above  the  charging  cone  of  the  furnace. 

pig  iron  could  be  made  cheaper  in  the  electric  furnace  than  they 
could  make  it  in  the  blast  furnace.  T  am  not  saying  cheaper 
than  we  can  make  it  in  the  blast  furnace,  but,  as  far  as  the 
Swedes  were  concerned,  cheaper  than  they  could  make  it  in 
the  blast  furnace. 

The  Jern  Kontoret  was  backed  up  in  its  endeavors  by  the 
government,  because  the  latter  recognized  the  national  import¬ 
ance  of  saving  the  iron  industry.  The  government  therefore 


Fig.  5.  Section  through  Furnace  and  Building. 

Showing'  the  gas  circulation  apparatus,  with  dust  catchei,  but  with  the 

old  type  of  electrodes. 


gave  them  practically  free  power  for  a  period  of  two  years  at 
its  plant  at  Trollhatten  near  Gothenberg,  in  Sweden.  They 
erected  there  a  furnace  designed  to  take  a  maximum  of  4000 
kw.,  and  erected  a  large  charcoal  storehouse,  a  laboratory,  send¬ 
ing  their  best  experts.  Mr.  Loeffler,  the  metallurgist  of  the 
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Jern  Kontoret,  was  in  charge,  and  the  whole  sclieme  was  planned 
in  a  most  scientific  and  intelligent  manner. 

The  Trollhatten  furnace  has  now  been  in  operation  for  about 
a  year  and  a  half,  and  the  results  which  have  been  obtained  have 
met  all  expectations,  and  even  more.  The  small  furnace  worked 
three  years  ago,  which  was  intended  to  run  with  1500  h.  p.. 
never  was  run  continuously  with  more  than  750  h.  p.,  because 
of  difficulties  in  the  details  of  the  furnace  which  had  not  been 
overcome.  A  furnace  run  at  half  its  capacity  does  not  run 
anything  like  as  efficiently  as  one  run  at  full  capacity,  as  you 
know.  Likewise  the  large  furnace  which  was  later  put  up  has 
not  been  run  at  its  full  capacity  because  of  difficulties  in  detail 
which  had  to  be  overcome.  But  there  has  not  been  a  single 
difficulty  which  has  not  been  successfully  met  and  overcome. 
So,  without  any  period  of  discouragement  they  have  success¬ 
fully  mastered  the  difficulties  which  confronted  them,  and  the 
furnace  is  working  now  better  than  ever  before. 

1  want  to  give  you  the  idea  that  this  is  a  very  infantile 
industry,  for  this  is  the  first  furnace  of  its  kind.  It  is  to  be 
compared,  as  far  as  perfection  is  concerned,  to  the  blast  furn¬ 
aces  of  perhaps  100  or  150  years  ago.  it  is  a  first  attempt  to 
work  out  a  problem  on  which  there  is  no  information,  and  the 
furnace  has  fulfilled  all  expectations.  The  published  report 
which  has  been  made  shows  the  thoroughness  with  which  tie* 
Swedes  went  into  the  subject.  After  the  furnace  had  been 
running  six  months,  with  Mr.  Loeffler  in  charge,  he  made  a 
report  to  the  Jern  Kontoret,  assisted  by  Mr.  Odelburg  and  Mr. 
Nystrom,  which  is  published  in  the  Jern  Kontoret  s  journal  for 
1911.  It  contains  226  printed  pages,  photographs  and  drawings 
of  the  furnace,  and  complete  tables  of  all  the  observations  and 
analyses  which  were  made  throughout  the  whole  run.  That 
report  of  itself  tells  of  the  seriousness  and  the  earnestness  with 
which  the  Swedes  has  taken  up  the  subject;  it  means  to  them 
the  saving  of  their  pig  iron  industry.  Unfortunately  the  report 
is  in  Swedish,  so  that  it  is  possibly  unavailable  to  most  of  you. 
Your  announcement  refers  to  some  sources  of  information,  and 
I  would  add  one  not  listed  there,  a  paper  by  Mr.  Robertson  of 
Toronto  on  “Recent  Progress  in  Electrical  Tron  Smelting  in 


wl 

Fig.  6.  Plan  of  Building,  (first  floor). 

This  plan  shows  the  transformers,  furnace  at  the  level  of  the  electrodes, 

and  casting  bed  for  pig  iron  and  slag. 
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Sweden”,  which  was  read  before  the  American  Electro-Chemical 
Society  in  its  Toronto  meeting,  last  September,  and  published 
in  volume  20  of  its  Transactions.  It  is  a  paper  of  some  22  pages, 
abstracting  the  results  which  have  been  obtained  at  Trollhatten. 
The  report  is  also  noticed  and  partly  translated,  in  abstract,  in 
Metallurgical  and  Chemical  Engineering  of  July  and  August 
of  last  year. 

At  the  present  time  the  furnace  has  been  considerably  im¬ 
proved,  and  is  in  operation  and  running  with  great  satisfaction. 
When  I  was  over  there  last  summer  Mr.  Groenwall  told  me  that 
he  wanted  to  come  over  to  the  meeting  of  the  American  Elect ro- 
Chemical  Societv  in  Toronto  but  was  too  busy  to  come,  as  they 
were  getting  up  plans  and  drawings  for  furnaces  in  several 
different  places  in  Scandinavia,  and  said  there  would  be  25  000 
h.p.  in  operation  in  1912  in  several  plants  in  Norway  and  Swe¬ 
den  making  electric  furnace  pig  iron. 

I  will  now  take  up  the  summary  of  my  lecture  which  has 
been  printed  and  briefly  speak  to  the  different  headings.  The 
problem  is  the  reduction  of  iron  ore  to  pig  iron  and  pig  steel 
in  the  electric  furnace  compared  with  the  blast  furnace.  The 
most  important  point  is  that  the  former  requires  only  one-third 
as  much  carbon  per  ton  of  iron  as  the  blast  furnace.  There 
is  a  peculiarity  which  any  of  you  familiar  with  blast  furnace 
work  will  at  once  understand,  and  it  is  an  important  one.  It 
is  this  that  when  you  reduce  iron  oxide  by  carbon,  {Fc20:i-\- 
3C=2Fe-\-3CO )  the  maximum  amount  of  carbon  which  can  be 
used  to  reduce  the  iron  oxide  to  iron  is  36  carbon  to  112  of 
iron.  Not  only  is  it  useless  to  put  more  carbon  into  the  furnace 
than  is  thus  theoretically  required  to  reduce  the  iron  oxide,  but 
it  is  absolutely  prejudicial  to  the  running  of  the  electric  furn¬ 
ace.  If  you  are  running  a  blast  furnace  you  can  make  a  ton  of 
iron  with  a  ton  of  coke,  and  if  you  are  foolish  enough  you  can 
put  in  a  ton  and  a  quarter  or  a  ton  and  a  half  and  it  does  not 
hurt  the  furnace.  The  latter  works  hotter,  but  it  does  not  stop 
the  operation.  If  you  put  in  more  carbon  than  is  necessary  in 
the  electric  furnace  the  operation  stops.  The  furnace  gets  a 
bad  fit  of  indigestion.  The  carbon  accumulates  because  there 
is  no  oxygen  to  burn  it.  The  only  source  of  oxygen  to  con- 
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sume  the  carbon  is  that  in  the  iron  ore  itself,  and  since  it  re¬ 
quires  theoretically  32  parts  of  carbon  to  reduce  100  parts  of 
iron,  there  is  no  need  of  putting  any  more  in;  and  in  fact  if 
you  do  put  more  in,  it  stops  up  the  furnace  because  it  accumu¬ 
lates  therein. 


I 


a 


Fig.  7.  Diagram  of  Electrode  Connections,  using  four  Electrodes. 
Detailed  diagram  of  electrical  connections  from  the  transformers  to  the 

four  furnace  electrodes. 


The  early  experimenters  on  electric  reduction  of  iron  ore 
did  not  understand  and  did  not  appreciate  the  importance  of 
this  fact,  and  that  gave  them  most  of  their  difficulties.  They 
appreciated  that  it  would  not  require  as  much  carbon  in  the 
electric  furnace  as  in  the  blast  furnace,  so  they  put  in  half  as 
much,  and  the  furnace  worked,  although  rather  poorly.  When 
thev  cut  down  the  carbon  it  worked  better:  every  time  they  cut 
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down  the  carbon  and  got  nearer  to  the  proper  point  tin*  furnace 
worked  better,  and  without  exception  the  product  per  horse¬ 
power-year  was  greater.  The  amount  of  carbon  must  be  closely 
regulated  in  order  not  to  use  too  much.  Appreciating  that  fact, 
a  ton  of  pig  iron  can  be  made  with  about  a  third  ot  a  ton  oJ 
charcoal;  and  the  more  charcoal  used  above  that,  t he  more 
difficulties  arise  in  running  the  furnace.  When  carbon  accuinu 


Fig.  8.  Diagram  of  Electric  Apparatus. 

This  diagram  will  show  to  electrical  engineers  the  electrical  equipment, 
from  the  three-phase  high-tension  supply  to  the  two  pairs  of  electrodes 
used  to  operate  the  furnace. 
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lates  in  the  lower  part,  it  lowers  the  electric  resistance  of  the 
furnace,  makes  it  difficult  to  keep  it  hot,  and  the  best  remedy 
is  a  dose  of  iron  oxide  without  any.  carbon.  That  acts  as  a 
mild  purgative,  and  the  furnace  is  cleaned  out  of  the  carbon 
which  has  accumulated,  and  is  put  back  into  proper  working 
order  again.  All  that  is  entirely  different  from  blast  furnace 
practice ;  and  \  think  it  was  the  11011-appreciation  of  this  fact 
which  made  a  good  deal  of  the  difficulty  met  by  the  early  ex¬ 
perimenters. 
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Fig.  9.  The  Roof  of  Crucible,  showing  Electrode  Connections. 
Showing  the  top  of  tlie  arch  over  the  crucible  and  the  flexible  cables  from 

the  buss-bars  to  the  electrodes. 


I  have  so  far  spoken  only  of  the  maximum  amount  of  car¬ 
bon  that  can  be  put  in.  But  in  the  electric  furnace  we  do  not 
produce  gas  which  is  entirely  CO,  we  produce  also  C02.  If  one 
produced  all  C02  (which  is  impossible)  it  would  only  require  half 
as  much  carbon.  You  cannot  produce  all  C02,  but  you  do  pro¬ 
duce  somewhere  about  half  of  one  and  a  half  of  the  other.  Then 
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you  need  about  %  of  the  stated  amount  of  carbon,  in  actual 
practice,  when  you  get  down  to  real  working  conditions. 

Now  not  only  should  one  be  sparing  in  regard  to  the  amount 
of  fuel  charged,  but  there  exists  an  anomaly  which  l  will  try  to 
explain.  Having  a  fixed  weight  of  oxygen  to  be  taken  away 
from  the  iron,  if  you  take  it  away  by  carbon  forming  CO,  the 
formation  of  this  CO  gives  a  certain  amount  of  heat,  contribut¬ 
ed  to  the  furnace.  If  you  get  some  of  it  changed  to  C02  you 
get  more  heat  contributed  to  the  furnace,  because  when  carbon 
unites  with  oxygen  to  form  CO.,  it  gives  out  more  heat  per  unit 
of  oxvgen  combined  than  when  it  forms  CO.  Therefore  the 
less  carbon  is  used  in  the  furnace  the  more  heat  of  oxidation 
you  get  from  it.  I  do  not  know  whether  I  have  made  that 
clear.  A  fixed  weight  of  oxygen  gives  more  heat  when  it  forms 
C02  than  when  it  forms  CO  and  requires  less  carbon  to  com¬ 
bine  with.  Therefore  as  you  get  more  assistance  from  the  car¬ 
bon  the  less  you  can  use,  of  course  down  to  the  limiting  amount. 
Further,  the  more  heat  assistance  you  get  from  the  carbon  the 
less  electric  power  you  have  to  use.  So  that  the  less  carbon 
you  can  get  along  with  in  the  furnace  for  reduction,  the  more 
assistance  you  get  from  it  in  a  thermal  sense,  and  the  less 
electric  energy  you  have  to  use  per  ton  of  pig  iron.  All  the 
experiments  that  have  been  made,  and  all  the  work  of  the  Swed¬ 
ish  furnaces  confirm  this  principle.  As  they  reach  economy  in 
carbon  and  use  less  fuel,  they  also  use  less  electric  energy,  and 
they  thus  save  at  both  ends. 

Power  Consiunption  :  The  power  actually  required  by  this 
Swedish  furnace  has  been  about  one-third  of  a  horse-power- 
year  per  ton  of  pig  iron.  Speaking  of  the  Trollhatten  furnace, 
T  was  asked  to  calculate  the  theoretical  limit  which  it  could 
leach  if  the  furnace  were  run  as  economically  as  possible.  I 
made  a  calculation  showing  that  when  they  obtained  good  effi¬ 
ciency  from  the  carbon,  using  the  least  carbon  that  was  neces 
sarv  for  reduction,  and  were  running  the  furnace  at  high  ca¬ 
pacity,  i.1  e.,  driving  it  so  that  the  radiation  losses  were  at  a 
minimum.  1  believed  they  could  reach  one-fourth  of  a  horse- 
power-year  per  ton  of  pig  iron,  and  the  lowest  limit  I  placed 
at  one-fifth.  They  have  reached  one-fourth  of  a  horse-power- 
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year  per  ton  at  times,  for  a  period  of  a  week  or  more.  The 
first  week  in  last  September  the  furnace  was  working  well,  and 
they  then  reached  four  tons  of  pig  iron  per  horse-power-year. 
1  think  that  when  a  large  furnace  of  perhaps  a  hundred  tons 
daily  capacity  is  built,  and  is  run  with  the  knowledge  which 


Fig.  10.  A  new  square  Electrode. 

“Showing-  a  square,  built-up  electrode,  with  end  connection,  before  putting 

into  action. 

Avill  exist  within  perhaps  five  years,  they  will  probably  reach 
five  tons  of  pig  iron  per  horse-power-year. 

The  variation  of  power  with  the  size  of  the  furnace  is  very 
marked.  The  smaller  the  furnace  the  larger  the  power  require¬ 
ment  per  ton  of  pig  iron  produced,  and  as  we  increase  the  size 
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•of  the  furnace  it  will  undoubtedly  reach  greater  economy,  as  l 
have  just  indicated. 

Consumption  of  Electrodes :  This  is  one  of  t lie  items  which 
gave  great  concern.  The  electrodes  used  are  very  large,  and 
making  connection  with  the  top  of  the  electrode  it  could  only 
he  used  down  a  certain  distance  in  the  furnace  when  it  became 
so  short  that  it  had  to  he  taken  out  and  about  half  of  the  elec 
trode  rejected.  The  consumption  of  electrodes  working  in  that 
way  was  about  12  percent  of  the  weight  of  the  pig  iron  pro¬ 
duced,  while  the  actual  burning  away  of  the  electrode  was  only 
half  that,  and  the  stump  weighed  the  other  half.  Within  the 
last  two  years  the  manufacture  of  electrodes  has  been  improved 
very  much.  They  are  making  electrodes  24  inches  in  diameter, 
and  six  feet  long,  of  splendid  quality,  fitted  with  a  screw  and 
socket  so  that  they  can  he  screwed  into  each  otiier,  end  to  end. 
When  the  electrode  is  down  as  far  as  it  can  go  a  new  electrode 
is  screwed  onto  the  top  of  partially  used  one,  and  thus  the  butt 
is  entirelv  used.  Thev  are  cemented  together  with  a  little  gra- 
phite  paste  and  there  are  no  longer  any  butts.  This  device 
alone,  at  once  cut  in  half  the  consumption  of  electrodes,  so  that 
it  amounts  now  to  only  five  percent  of  the  weight  of  the  pig 
iron  produced,  and  this  has  reduced  considerable  a  large  item 
of  expense. 

Circulation  of  the  Cases:  Concerning  this  I  wish  to  make 
explanation.  In  a  blast  furnace  which  is  receiving  air,  the  cur¬ 
rent  of  the  blast,  weighing  five  or  six  times  the  weight  of  the 
pig  iron  produced,  carries  the  heat  which  is  generated  in  the 
lower  part  of  the  furnace  with  great  speed  and  effectiveness 
into  the  upper  part  of  the  furnace,  and  thus  heats  the  upper 
part.  In  the  electric  furnace  the  gases  produced,  instead  of 
weighing  five  or  six  times  the  weight  of  the  pig  iron,  weigh  less 
than  the  weight  of  the  pig  iron.  There  is  practically  no  nitro¬ 
gen,  hut  only  the  CO  (and  CO.,)  formed  from  the  reduction  of 
the  ore;  and  this,  passing  up  the  furnace,  has  only  a  small  heat- 
carrying  capacity  and  does  not  carry  to  the  upper  part  of  the 
furnace  the  heat  generated  in  the  lower  part  by  the  electric 
energy,  in  any  way  comparable  to  the  distribution  of  heat  into 
the  upper  part  of  the  blast  furnace  by  the  blast  and  gases. 
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This  is  a  difficulty  which  entails  serious  consequences.  We 
know  that  in  a  blast  furnace  the  larger  part  of  the  reduction  of 
the  ore  takes  place  in  the  upper  half  of  the  shaft.  It  is  reduced 
by  the  CO  gas  formed  at  the  tuyeres  rising  into  the  upper  part 
of  the  furnace.  But.  to  get  a  similar  desirable  utilization  of  CO 


Fig.  11.  Electrode  half  consumed. 

A  square,  end-connected,  built-up  electrode  after  use,  showing-  the  large 
amount  of  unused  butt  and  the  consequent  waste. 


in  the  electric  furnace,  the  upper  part  of  the  furnace  must 

be  warmed  so  that  the  temperature  is  a  low  red  heat,  at  and 
above  which  reduction  by  CO  can  take  place.  The  Swedish  en¬ 
gineers  thought  a  great  deal  over  the  question  of  how  to  carry 
the  heat  from  the  crucible  of  the  furnace  up  into  the  shaft,  in 
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order  that  the  shaft  of  the  furnace  should  be  kept  hot  enough 
for  reduction  by  CO  to  take  place.  And  they  have  met  it  by 
repeated  circulation  of  the  gases,  but  I  do  not  think  they 
have  solved  it  in  the  best  way.  They  bring  down  some  of  the 
gas  from  the  top  of  the  furnace  and  blow  it  in  at  the  bottom 
under  the  arch  of  the  crucible.  Half  to  two-thirds,  and  even 
three-fourths  of  the  gas  produced  is  thus  blown  back  again  and 
sent  in  at  the  lower  part  of  the  furnace.  With  this  arrange¬ 
ment  there  is  passing  up  the  shaft  of  the  furnace  two  to  four 
times  as  much  gas  as  would  normally  pass  up,  and  this  carries, 
two  to  four  times  as  much  heat  from  the  hot  zone  at  the  bottom 
of  the  furnace  into  the  shaft,  raising  the  temperature  of  the 
shaft  much  higher  than  it  would  be  without  this  system.  They 
regard  this  system  of  circulating  the  gases  as  being  necessary 
to  economy  in  the  furnace,  because  it  permits  greater  reduction 
of  the  ore  by  CO,  thus  utilizing  the  CO  gas  in  the  upper  part 
of  the  furnace. 

I  will  interject  here  an  idea  which  1  think  will  solve  the 
problem  in  another  way.  Abandoning  the  circulation  of  the 
gas,  the  shaft  could  lie  heated  more  economically  by  an  auxiliary 
system  of  heating.  If  they  were  to  jacket  the  furnace  shaft 
with  combustion  chambers  in  which  gas  is  burnt,  or  heat  the 
furnace  shaft  up  to  low  redness  by  electric  heat  (often  the 
cheapest  source  of  heat)  it  would  be  possible  to  thus  warm  the 
shaft  to  the  reducing  temperature  of  the  ore  and  thus  utilize 
the  ascending  CO  by  making  it  reduce  iron  ore.  The  circulat¬ 
ing  system  is  the  first  attempt  to  solve  the  difficulty  of  distribut¬ 
ing  the  heat  into  the  shaft  of  the  furnace,  and  it  has  several 
disadvantages.  One  is  that  the  C02  in  the  gas  that  has  been 
formed,  coming  down  and  going  into  the  furnace  crucible,  at¬ 
tacks  the  electrodes.  It  attacks  the  carbon  in  the  charge  which 
ought  to  be  reducing  iron  ore,  and  consumes  it.  If  tin*  gas  were 
only  CO  it  would  not  matter  so  much,  but  it  is  partly  CO.  to 
start  with,  and  putting  that  C0.2  at  the  bottom  of  the  furnace 
is  highly  undesirable.  Another  difficulty  is  that  there  is  always 
moisture  in  the  charge  and  also  raw  limestone.  Then,  of  the  (’O. 
from  the  limestone,  and  moisture  from  the  ore  and  charcoal 
which  thus  go  into  the  circulating  gases,  half  to  three  quarters 
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are  sent  down  into  the  bottom  of  the  furnace.  The  II. ,0  and 
CO 2  thus  sent  down  are  decomposed  by  the  carbon  chilling  the 
furnace  where  it  should  be  hottest,  and  consuming  carbon.  1 
discussed  the  question  of  circulating  the  gases  with  Mr.  Loeffler, 
and  I  think  the  remedy  adopted  is  a  rather  illusory  one.  It 


Fig.  12.  Electrode  on  removal. 

A  square,  end-connected  electrode  used  to  the  limit  with  small  point  only 
just  touching  the  furnace  charge,  when  in  use. 

should  be  abandoned,  and  1  believe  they  will  finally  adopt  some 
such  system  as  I  have  suggested  for  getting  the  upper  part  of! 
the  shaft  to  a  temperature  sufficient  for  ('0  to  reduce  the  ore. 
Then  you  can  dispense  with  the  elaborate  system  of  circulation 
of  gases  and  the  use  of  a  fan. 
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Composition  of  the  Slap:  The  furnace  is  lined  with  fire¬ 
brick  down  to  the  crucible,  but  the  crucible  is  lined  with  mag¬ 
nesia.  Therefore  you  have  an  entirely  different  condition  from 
the  ordinary  blast  furnace,  which  has  a  silicious  lining  around 
the  crucible.  You  have  a  basic-lined  furnace  at  the  crucible 
and  the  slag  can  be  made  so  basic  with  lime  that  it  takes  out 
sulphur  and  even  some  phosphorus  from  the  ore  and  makes  the 
pig  iron  much  lower  in  sulphur  and  even  lower  in  phosphorus 
than  ordinarily. 

Properties  of  the  Produet:  The  pig  iron  produced  has  been 
the  equal  in  all  respects  to  Swedish  charcoal  pig  iron,  without 
any  qualification.  Some  steel  makers  who  have  used  it  said  it 
was  better  and  they  attributed  this  to  the  fact  that  it  did  not 
appear  to  contain  any  oxides  or  nitrogen.  Nitrogen  is  more  or 
less  speculative,  but  it  certainly  does  not  contain  the  oxides  which 
are  frequently  present  in  pig  iron,  having  caught  them  by  oxi¬ 
dation  from  the  blast  as  it  passed  the  tuyeres.  The  product  is 
therefore  more  free  from  oxides  and  nitrogen  than  ordinary 
pig  iron,  and  when  it  comes  to  making  fine  steel  these  qualities 
count  heavily. 

Pig  Steel:  By  cutting  down  the  amount  of  carbon  used 
for  reducing,  the  furnace  worked  better,  consumed  less  power 
and  less  carbon,  worked  more  rapidly,  and  produced  a  pig  iron 
that  was  white  instead  of  gray.  You  all  know  that  as  you  run 
the  blast  furnace  faster  tin*  tendency  is  to  make  white  iron.  By 
reducing  the  amount  of  fuel,  and  running  at  a  lower  tempera¬ 
ture,  a  product  was  obtained  with  0.1  percent  silicon,  0.1  per¬ 
cent  manganese,  and  as  low  as  1.5  percent  of  carbon.  Mr. 
Greonwall  said  to  me  “What  are  we  going  to  call  that  metal? 
Shall  we  call  it  pig  iron?”  \  said  “No.  That  would  be  a  mis¬ 
nomer.  Call  it  pig  steel,  because  in  composition  it  is  simply 
steel.”  So  that  is  what  pig  steel  is.  It  is  a  metal  with  2.2  per 
cent  or  less  of  carbon,  a  very  small  amount  of  silicon  and  man¬ 
ganese,  low  in  sulphur  and  phosphorus,  made  directly  from  iron 
ore  in  the  electric  pig  iron  furnace.  It  is  not  pig  iron,  it  is 
really  crude  steel,  so  we  have  called  it  pig  steel,  a  name  which 
has  been  generally  accepted.  Its  German  equivalent  is  “Roh- 
stahl"  and  in  French  “  Acier  brut." 
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Now  as  to  the  advantages  of  this  material?  When  you  are 
going  to  make  steel  out  of  pig  iron  you  have  a  metal  which  is- 
92  to  94  percent  iron  and  the  rest  impurities  which  have  to  be 
taken  out  in  the  steel  furnace.  If,  instead  of  92.  to  94  percent 
iron  you  get  a  metal  with  97  or  98  percent  iron  there  are  only 


Fig.  13.  Electrode  burned  by  CO,  gas. 

An  electrode  perforated  by  a  current  of  C02  in  the  cool,  circulating  gas, 

from  a  misplaced  gas  nozzle. 

two  to  three  percent,  or  less,  of  impurities  to  remove  in  the 
steel  furnace.  The  steel  workers  found  out  at  once  its  advan¬ 
tages.  Put  it  into  open-hearth  furnaces,  and  with  half  or  less 
of  the  ordinary  refining  it  is  converted  into  steel.  The  output 
of  open-hearth  furnaces  using  that  material  is  increased  nearly 
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50  percent.  That  problem  seems  as  simple  as  a  b  c  now  it  lias 
been  done.  The  discovery  was  more  or  less  accidental,  but  it  did 
not  takes  the  Swedes  long  to  appreciate  the  immense  import¬ 
ance  of  having  crude  material  which  they  could  convert  into 
steel  so  easily  that  it  nearly  doubled  the  output  of  their  open- 
hearth  furnaces  and  also  increased  the  output  of  their  electric 
pig  iron  furnaces.  The  pig  iron  furnace  made  more  of  this  pig 
steel  in  a  day  than  it  did  of  pig  iron,  and  at  less  cost;  the  steel 
furnace  made  more  steel  per  day  from  this  material  and  at  less 
cost.  This  rather  accidental  discovery  has  completely  absorbed 
the  attention  of  the  Swedes  and  Norwegians.  They  say  that  not 
only  have  they  a  new  process  for  making  pig  iron  cheaper  than 
the  blast  furnace,  but  they  can  make  a  product  which  they 
never  could  make  in  the  blast  furnace  which  is  dollars  a  ton 
cheaper  when  converted  into  steel. 

This  is  the  final  stage  of  the  problem  as  I  present  it  to  you 
tonight.  Great  energy  will  soon  be  directed  to  making  pig  steel 
and  it  will  cheapen  the  manufacture  of  Swedish  and  Norwegian 
steel  very  considerably.  This  electric  furnace  pig  iron  and  pig 
steel  has  been  converted  into  finished  steel  in  the  open-hearth 
furnace  and  also  electric  furnaces  in  Sweden  and  Norway,  and 
the  report  of  the  Jern  Kontoret  shows  that  it  has  been  equal  in 
results  to  the  best  charcoal  iron  that  is  made  in  the  blast  furn¬ 
ace.  Some  of  the  steel  makers  have  said  that  they  think  it  is 
better.  None  of  them  have  said  that  it  is  inferior.  So  there 
is  no  doubt  that  this  material  will  take  its  place  as  a  proper 
steel  making  material. 

1  think  that  this  presentation  of  the  subject  will  convince 
you  that  our  friends  in  Sweden  and  Norway  are  living  up  to 
their  reputation  of  being  progressive  iron  and  steel  metallur¬ 
gists.  We  all  know  that  whenever  we  have  met  them  here  as 
iron  and  steel  men,  they  have  shown  that  they  know  their  busi¬ 
ness  thoroughly;  and  I  have  great  confidence  in  the  outcome 
of  this  new  departure,  because  the  Swedes  have  taken  it  up  in 
a  most  conservative  and  yet  a  most  progressive  manner.  They 
have  done  it  in  a  manner  which  commands  our  admiration  for 
their  scientific  skill  and  for  their  earnestness,  and  they  are 
going  to  carry  it  through  to  a  satisfactory  conclusion,  there  is 
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no  doubt  about  that.  In  fact  at  the  present  time  every  report 
we  get  from  Sweden  says  that  the  production  of  pig  iron  in  the 
electric  furnace  is  to  be  the  future  method  of  manufacturing 
pig  iron  in  Sweden  and  Norway.  They  are  not  saying  much 
about  pig  steel.  I  have  enlarged  upon  that  here,  but  our  Scan¬ 
dinavian  friends  have  been  rather  keeping  that  to  themselves 
as  a  supplementary  or  collateral  matter  which  came  to  them 


Fig.  14.  Section  showing  new  Electrodes  and  holders. 

Showing  the  new,  round,  monolithic  electrodes,  with  permanently  placed 

connection  against  arch  of  crucible. 
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unexpectedly  and  which  is  perhaps  going  to  he  as  large  an  ad¬ 
vantage  as  the  main  one  of  making  electric  furnace  pig  iron. 

I  am  often  asked  whether  Pittsburgh  is  ever  going  to  see 
an  electric  pig-iron  furnace,  and  I  have  answered  that  bv  sav- 
ing  that  I  do  not  believe  it  will,  because  with  coal  and  eoke  at 
the  prices  you  have  them  and  with  power  generated  by  steam 
or  gas.  you  cannot  make  pig  iron  here  in  the  electric  furnace 
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as  cheaply  as  you  can  make  it  in  the  blast  furnace.  But  when 
one  has  the  possibility  of  making  in  the  electric  furnace,  directly 
from  the  ore,  a  metal  which  can  go  directly  into  the  open-hearth 
furnace  and  which  requires  50  percent  less  refining  than  pig 
iron  does,  it  commences  to  put  another  face  on  the  question, 
and  makes  one  pick  up  his  pencil  and  commence  to  figure  as  to 
whether  such  a  thing  is  not  possible.  About  all  I  am  prepared 
to  say  now  is  that  I  think  it  will  be  worth  the  while  of  the 
Pittsburgh  iron  and  steel  men,  in  the  near  future,  to  figure  out 
whether  it  will  not  pay  to  make  pig  steel  in  that  way  in  the 
Pittsburgh  district.  T  thank  you  very  much  for  your  close 
attention. 

DISCUSSION 

President  J.  0.  Handy  :  I  am  sure  we  have  all  appreciated 
this  most  interesting  address  of  Dr.  Richards  and  I  feel  quite 
sure  that  Dr.  Richards  will  be  glad  to  answer  questions.  The 
electric  furnace  pig  iron  industry  does  not  exist  in  Pittsburgh 
and  the  electric  furnace  production,  or  refining,  of  steel  is  very 
new  to  us. 

I  would  like  to  ask  what  the  approximate  cost  of  production 
of  pig  iron  in  Sweden  is  at  the  present  time? 

The  Author  :  They  figure  on  the  small  furnace  at  Dom- 
narfvet  that  they  could  make  pig  iron  at  $1.50  less  a  ton  than 
they  could  in  their  own  blast  furnaces.  I  can  only  give  you 
comparative  figures;  I  gathered  from  what  was  told  me  that 
they  were  figuring  on  this  new  furnace  of  4000  kw.  making  pig 
iron  at  $2.50  a  ton  less  than  they  could  make  it  in  their  blast 
furnace.  You  can  only  make  the  comparison  with  their  own 
furnaces,  and  I  think  that  is  a  satisfactory  answer  because  if 
you  know  what  it  costs  in  their  blast  furnaces  you  can  sub¬ 
tract  $2.50. 

President  J.  O.  Handyt  :  Is  the  electrode  consumption  a 
very  large  factor?  The  power  cost  must  be  very  small  with  a 
power  cost  between  $4  and  $8  per  li.p.  year  and  four  tons  of 
pig  iron  produced  per  h.p.  year. 

The  Author  :  With  four  tons  of  pig  iron  made  per  h.p.  year 
the  power  cost  in  Sweden  would  be  about  $2  per  ton,  not  more. 
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The  electrode  cost — five  kilo,  per  ton — at  3c  a  pound,  would  be 
33c  per  ton  of  pig  iron.  The  charcoal  cost  is  1/3  ton  of  char¬ 
coal,  though  formerly  costing  $6  per  ton,  which  in  Sweden  now 
costs  $12  a  ton,  so  that  the  charcoal  would  now  cost  $4  per  ton 
of  pig  iron.  Then  you  can  add  to  that  the  ore  and  the  labor 
and  get  the  approximate  total  cost.  But  the  real  factor  is  that 
they  substitute  for  2/3  of  a  ton  of  charcoal,  costing  $8,  on*" 
quarter  of  a  h.p.  year  costing  $2,  and  the  cost  of  electrodes. 
Of  course,  the  furnace  is  being  run  on  a  smaller  scale  than  a 
blast  furnace.  A  furnace  of  2000  kw.  produces  about  18  tons 
a  day.  What  sort  of  economy  could  be  had  in  a  blast  furnace 
producing  18  tons  a  day?  The  comparison  with  the  blast  furn¬ 
ace  will  become  more  interesting  when  we  have  an  electric  furn¬ 
ace  making  100  tons  a  day.  1  can  say  that  the  possibilities  of 
economy  in  the  electric  furnace  will  amount  to  several  dollars 
per  ton  before  they  get  through  with  it,  in  the  next  few  years. 

President  J.  O.  Handy:  I  suppose  the  conditions  in 
Canada  would  permit  the  profitable  making  of  pig  iron  by  the 
electric  process  while  the  conditions  in  the  United  States  would 
not? 

The  Author  :  It  happens  that  the  United  States  has  a 
lurnace  manufacturing  pig  iron  which  is  almost  exactly  the 
same  kind  of  a  furnace  as  the  Swedish.  It  was  developed  inde- 
dendently  by  the  people  out  in  California,  and  it  is  now  making 
iron  which  is  being  sold  in  San  Francisco.  They  say  they  can 
sell  it  in  San  Francisco  cheaper  than  the  eastern  iron  can  be 
brought  over  there.  This  small  furnace  in  Shasta  County,  Cali¬ 
fornia,  is  almost  identical  in  shape  and  appearence  with  this 
one  in  Sweden.  Our  Swedish  friends  thought  the  Californians 
had  gone  over  and  stolen  their  plans,  and  accused  them  of  it; 
but  after  one  of  the  Swedes  came  over  here  and  met  Mr.  Noble 
they  were  convinced  that  it  was  an  independent  development, 
and  they  have  come  to  an  agreement  whereby  the  Californians 
agree  to  stay  in  the  West  and  the  Swedes  will  Handle  the  rest 
of  the  country. 

Mr.  F.  T.  Snyder  :*  I  did  not  come  down  from  Chicago 
to  talk  but  to  listen  to  Prof.  Richards  tell  about  this  electric 

♦Secretary,  The  Bentley-Snyder  Co.,  Chicago. 
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pig  steel  that  is  arousing  so  much  interest.  It  has  proved  of 
decided  interest  to  me  when  considered  in  connection  with  some 
results  that  we  are  getting  in  the  500  h.p.  electric  steel  refining 
furnace  which  is  operating  commercially  in  Chicago  on  cast¬ 
ings.  The  records  of  this  furnace  seem  to  show,  that  in  a 
properly  designed  furnace,  metal  can  be  melted  from  the  cold 
and  refined  electrically  at  a  cost  very  close  to  the  open-hearth 
cost  for  the  same  service  and  output.  Added  to  the  figures  Dr. 
Richards  has  given  us  for  the  cost  of  making  pig  steel,  it  be¬ 
gins  to  look  as  though  the  cost  of  making  steel  electrically  in 
this  country  all  the  way  from  the  ore  to  the  ingot,  is  at  present 
not  a  very  long  way  from  being  as  low  as  the  cost  by  the  pres¬ 
ent  blast  furnace  and  open-hearth  combination. 

Prof.  Richards  did  not  tell  us  how  much  nitrogen  there  was 
in  the  Swedish  output.  I  should  like  to  inquire  regarding  that 
point. 

The  Author  :  I  have  not  seen  any  determinations  of  nitro¬ 
gen  in  it.  It  would  certainly  be  less  than  in  the  ordinary  pig 
iron  or  in  blown  bessemer  metal. 

Mr.  F.  T.  Snyder  :  This  is  something  that  there  is  not  a 
great  deal  known  about,  but  it  seems  to  be  a  fact  that  the 
electrically  refined  steel  is  tougher  and  more  resistant  to  shock 
than  steel  which  is  made  in  furnaces  where  a  great  deal  of 
nitrogen  comes  in  contact  with  the  steel.  Whether  that  is  due 
to  a  friable  iron  nitride  segregated  between  the  crystal  faces 
or  not  is  a  problem  that  there  is  a  great  deal  of  work  to  be  done 
on.  If  it  is  true  that  you  can  make  electric  steel  at  a  cost  which 
is  somewhere  in  the  neighborhood  of  open  hearth  cost  it  becomes 
a  matter  of  great  interest  in  the  question  which  is  now  being 
considered  in  the  East  as  to  whether  electric  rails  are  not  a 
commercial  possibility.  If  a  rail  can  be  made  which  will  break 
perhaps  half  as  often  as  an  existing  rail  of  the  same  specifications 
we  have  a  situation  which  ought  to  be  interesting  to  the  railroads 
and  to  the  steel  producers.  Dr.  Richards  is  probably  in  a  very 
much  better  position  than  I  am  to  prophesy  as  to  the  quality 
but  in  our  small  work  we  have  found  that  steel  castings  made 
from  pig  iron  in  electric  furnaces  are  distinctly  tougher  and 
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more  resistant  to  shock  of  all  kinds  than  eastings  made  from 
a  similar  pig  in  the  open-hearth  furnace. 

Mr.  Frank  Garratt:*  1  would  like  to  ask  I)r.  Richards 
what  the  percentage  of  iron  the  slags  carry  when  making  tin- 
low  carbon  product  of  which  he  spoke,  i.  e.,  the  pig  steel  as  In* 
terms  it? 

The  Author:  It  is  higher  than  when  they  are  making  the 
higher  carbon  product,  but  even  in  that  case  it  is  low.  I  can¬ 
not  give  the  figures  without  looking  it  up;  it  is  not  a  high 
amount.  It  is  not  higher  than  is  often  produced  in  the  blast 
furnace. 


A  Member:  l  would  like  to  ask  Dr.  Richards  whether  anv 

%> 

other  types  of  furnaces  were  considered  beside  the  resistance 
type,  which  I  presume  this  one  is. 


The  Author:  This  is  the  resistance  type.  1  have  given 
you  mostly  the  work  of  these  Swedish  investigators.  There  has 
been  some  steel  made  directlv  from  the  iron  ore,  but  very  little, 
by  Stassano  in  Italy  in  an  arc  furnace,  but  that  cannot  com¬ 
pare  in  efficiency  with  a  shaft  furnace  of  this  kind.  That  is 
operated  by  radiation  from  the  arc,  and  at  a  considerably  higher 
cost.  The  Swedes  have  not  worked  with  the  arc;  they  have  con 
sidered  only  the  resistance  furnace,  the  material  to  be  smelted 
forming  the  resistance  between  the  electrodes. 


A  Member  :  Do  they  have  anv  trouble  starting  the  furn- 

ace? 

The  Author:  in  starting  the  furnace  they  fill  the  lower 
part  with  coke  and  then  blow  in  air  to  get  it  started  and  warmed 
up;  then  above  the  coke  they  charge  in  their  regular  charges 
and  it  starts  up  quickly  making  pig  iron.  1  think  within  si\ 
hours  of  starting  they  have  pig  iron  flowing.  It  is  surprising 
how  smoothly  the  furnace  works.  It  is  a  great  tribute  to  tin* 
ability  of  the  Swedes  to  start  up  a  furnace  of  this  kind  with  a 
dozen  or  a  score  of  new  conditions  and  to  have  succeeded  as 
smoothly  as  they  have.  They  have  hard  work  to  prevent  them¬ 
selves  from  getting  enthusiastic — something  a  Swede  very  sel¬ 
dom  becomes. 


♦Chemist,  Firth-Sterling  Steel  Company,  McKeesport,  Pa. 
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Mr.  H.  C.  Cronemeyer  :  What  voltage  and  current  are 
used  in  these  furnaces? 

The  Author  :  Those  details  I  did  not  take  the  time  to 
tell.  There  are  probably  ten  facts  that  might  be  told  for  every 
one  that  I  have  told  you.  The  voltage  used  is  regulated  from 
90  to  50  in  their  transformers,  allowing  them  to  start  at  90  and 
regulate  down  to  50  volts.  The  amperage  is  I  think  from  10  000 
to  14  000  on  each  electrode.  They  use  2000  kw.,  and  at  50  volts 
you  can  see  that  would  be  40  000  amperes  on  the  four  electrodes. 

Prof.  F.  C.  Phillips:*  Dr.  Richards  has  given  us  a  very 
interesting  account  of  the  process  in  places  wThere  water  abounds. 
1  should  like  to  ask  if  its  economy  will  justify  the  electric  pro¬ 
duction  of  iron  or  steel  in  places  far  removed  from  available 
water  power,  like  Pittsburgh? 

The  Author  :  I  have  already  said  that  in  a  place  like 
Pittsburgh,  where  power  is  comparatively  costly,  I  hardly  think 
it  will  ever  be  used  for  making  pig  iron.  But  the  possibilities 
of  this  new  product,  pig  steel,  if  it  should  be  used  directly  in 
making  steel,  may  make  it  interesting  for  even  such  a  citadel 
of  conservatism  as  Pittsburgh. 

Prof.  S.  L.  GoodaleG  In  case  Dr.  Richards’  scheme  is 
tried  of  cutting  out  the  circulation  of  gases,  would  you  not  get 
too  great  a  temperature  in  the  roof  of  the  arcK,  and  would  you 
not  need  to  blow  in  some  kind  of  a  gas,  as  CO,  to  cool  the  arch 
of  the  furnace  at  the  hottest  part? 

The  Author  :  I  think  we  can  cool  the  arch  in  a  better  way 
than  blowing  air  or  other  gas  under  it.  I  think  we  can  put  in 
some  water  cooled  plates,  properly  placed  so  as  to  protect  the 
brickwork  and  prevent  it  being  fused  by  the  heat  beneath.  I 
think  some  such  device  could  be  adopted  to  preserve  the  arch 
ns  it  is  preserved  in  open  hearth  furnace,  like  we  preserve  the 
ports  of  our  furnaces,  without  having  to  introduce  the  gas 
merely  for  cooling  and  preserving  the  arch. 

I  think  it  could  be  preserved  in  another  way,  and  then  it 
would  certainly  be  desirable  to  cut  out  the  circulation  of  the 

♦Professor  of  Chemistry,  University  of  Pittsburgh. 
tProfessor  of  Metallurgy,  University  of  Pittsburgh. 
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gases.  In  fact  in  talking  with  Mr.  Loeffler  he  said  “We  are 
trying  this  circulation  of  the  gases,  but  I  think  we  ought  to  find 
some  other  way  of  getting  the  heat  up  into  the  furnace.  ’  ’  Only 
recently  I  commenced  to  figure  out  whether  it  would  not  pav 
to  electrically  heat  the  shaft  to  the  low  temperature  required 
to  cause  reduction  and  cut  out  altogether  the  circulation  of  the 
gases  and  find  some  other  way  of  preserving  the  shape  of  the 
arch. 

President  J.  0.  Handy  :  I  would  like  to  ask  Mr.  Snyder 
whether  the  reference  he  made  to  the  greater  strength  of  iron 
castings  melted  in  an  electric  furnace  as  compared  with  those 
made  in  other  furnaces  referred  to  commercial  foundry  prac¬ 
tice  or  only  to  experimental  work. 

Mr.  F.  T.  Snyder  :  I  want  to  do  some  of  the  question  ask¬ 
ing  myself.  I  want  to  ask  Dr.  Richards  what  is  the  good  of 
having  a  shaft  on  the  furnace.  It  is  an  obvious  thing  to  copy 
the  blast  furnace,  but  why  do  you  need  it  in  an  electric  furn¬ 
ace?  Why  not  do  all  the  reducing  in  two  or  three  feet  instead 
of  letting  it  fall  thirty  or  forty  feet? 

The  Author:  For  the  reason  that  when  you  reduce  iron 
with  carbon  the  first  product  of  that  reduction  will  be  CO,  and 
if  you  give  it  a  chance  to  reduce  some  further  iron  oxide  you 
may  get  some  C02;  and  the  more  C02  3rou  can  get  the  less  car 
bon  you  will  need  in  the  furnace  and  the  more  heat  you  will 
get  from  the  combustion  of  the  carbon.  Therefore,  it  is  desirable 
to  get  as  much  reduction  by  CO  as  posible.  I  do  not  mean  to 
cut  out  the  reduction  by  solid  carbon.  You  have  that  to  start 
with;  but  to  get  as  much  supplementary  reduction  by  CO  as 
possible.  The  more  chance  you  give  the  CO  to  pass  over  red-hot 
iron  oxide  the  more  C02  you  can  produce  and  the  less  fuel  you 
will  need  to  use. 

I  believe  the  shaft  can  be  cut  down  to  very  small  dimen¬ 
sions.  If  you  cut  out  the  circulation  and  let  the  gases  slowly 
filter  upwards  and  give  them  time,  I  think  six  or  eight  feet  may 
give  them  the  chance  to  do  all  the  reducing  they  can  possibly 
do.  I  do  not  believe  forty  feet  of  shaft  is  necessary,  but  think 
that  given  six  or  eight  feet  of  red-hot  ore  to  pass  through,  you 
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will  get  the  maximum  proportion  of  C02  possible,  and  so  the 
maximum  economy  of  fuel  and  power. 

Mr.  F  .T.  Snyder  :  I  hesitate  somewhat  in  view  of  Dr. 
Richards'  reputation  as  a  metallurgist,  to  differ  from  him.  But 
1  want  to  ask  him  whether  the  amount  of  C02  which  you  will 
get  is  not  a  function  of  the  temperature  rather  than  the  height 
of  the  shaft.  In  other  words  if  the  temperature  at  the  top  is 
the  same  as  at  the  top  of  this  dO  ft.  shaft,  whether  the  propor¬ 
tion  of  CO,  would  not  be  approximately  the  same  although  the 
shaft  is  six  feet  high  instead  of  dO  ft. 

The  Author  :  I  believe  that  other  conditions  being  ecpial 

it  would  not.  because  the  amount  of  reduction  of  iron  ore  by 

CO  is  a  function  of  the  time  that  it  is  in  contact  with  the  ore, 

at  a  proper  temperature.  It  seems  to  me  that  the  higher  the 

shaft  is  kept  at  the  reducing  temperature,  the  more  ore  will  be 

reduced  bv  CO. 

*/ 

Mr.  F.  T.  Snyder  :  Does  not  the  equilibrium  curve  come 
in  there  ? 

The  Author  :  Equilibrium  takes  time. 

Prof.  F.  C.  Phillips:  I  would  ask  Mr.  Snyder  whether  the 
superiority  of  the  metal  called  pig  steel,  is  due  to  some  differ¬ 
ence  in  chemical  composition  or  whether  it  is  due  to  some  cause 
not  ascertainable  ? 

Mr.  F.  T.  Snyder  :  The  physical  fact  is  that  steel  which 
has  not  been  blown,  or  which  has  not  come  through  an  open- 
hearth.  gives  more  resistance  to  shock  for  the  same  specifications. 
It  mil  probably  stand  double  the  drop  hammer  blows  that  steel 
bears  which  has  been  exposed  to  the  amount  of  nitrogen  which 
eomes  in  a  converter  or  open  hearth. 

The  Al^thor  :  I  should  certainlv  recommend  to  any  one 

«/  v 

making  pig  steel  that  they  convert  it  into  steel  by  the  electric 
furnace  and  not  by  an  open-hearth,  certainly  not  by  a  bessemer 
furnace.  Its  prime  quality  being  freedom  from  nitrogen,  that 
quality  would  simply  be  wasted  if  you  blow  air  through  it  in 
a  bessemer  converter.  To  conserve  the  freedom  of  the  material 
from  nitrogen  as  made  in  the  electric  furnace,  it  should  be  con- 
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verted  into  steel  in  an  electric  furnace.  The  Swedes  are  build¬ 
ing  electric  furnaces  along  side  of  their  pig  iron  furnaces.  The 
material  will  be  tapped  out  of  the  pig  iron  furnace,  carried  over 
in  ladles  and  put  into  the  electric  refining  furnace  and  there 
refined,  and  it  will  never  come  in  contact  with  tin*  air.  and 
therefore  the  steel  will  he  entirely  free  from  the  nitrogen  which 
is  so  prominently  associated  with  hessemer  steel  and  is  present 
also  in  open  hearth  steel. 


A  Member:  Does  the  speaker  think  the  electrolytic  action 
set  up  has  something  to  do  with  the  purifying  of  tin*  steel,  mak 
ing  it  better? 

The  Author:  No.  because  thev  always  use  the  alternat- 

•  • 

ing  current,  which  has  practically  no  electrolytic  action. 

# 

A  Member:  If  the  furnace  itself  gets  rid  of  sulphur  and 
phosphorus,  why  do  they  use  charcoal  instead  of  soke? 


The  Author:  Simply  because  when  charcoal  is  used  then* 
is  less  sulphur  to  get  rid  of  than  with  coke.  But  they  are  going 
to  use  coke  in  some  of  the  Norwegian  furnaces  because  of  tic* 
high  price  of  charcoal  and  they  will  run  with  coke  and  expect 
to  make  a  pig  iron  down  to  about  0.02  or  0.03  sulphur  direct 
from  the  furnace,  using  coke. 

I  append  a  tabular  statement  of  the  first  six  month's  run¬ 
ning  of  the  Trollhattan  furnace : 

Since  the  dates  mentioned  in  the  table,  the  furnace  has 
been  provided  with  six  electrodes  instead  of  four.  The  elec¬ 
trodes  are  screwed  into  each  other  and  entirely  consumed,  t 
more  powerful  fan  for  circulating  gases  has  been  installed,  also 
a  dust  catcher  and  scrubber  to  clean  and  purify  tin*  returned 
gas.  As  a  result  of  these  improvements,  in  the  week  of  Sep¬ 
tember  41  h  to  11th,  1912,  the  furnace  consumed  only  336  kg 
of  carbon  and  1736  kw.  hours  per  ton  of  pig  iron  produced,  with 
an  electrode  consumption  of  5.5  kilos.  The  best  feature  of  the 
whole  is  that  many  other  improvements  are  possible,  and  will 
surelv  be  made. 


1  14  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 


PERIOD  OF  OPERATION 

1910 

Nov.  15 
* 

1910 
Nov.  16 
to  1911 
Feb.  11 

1911 
Feb.  11 
to 

Feb.  19 

1911 
Feb.  19 
to 

Mar.  19 

19H 
Mar.  19 
to 

Apr.  9 

Total 

Percent  of  Iron  in  Ore.. 
Percent  of  Iron  in  Charge 
Slag  per  ton  of  Iron  (kg.) 
Charcoal  Contents: 

Water  (kg.)  . 

Gas  (kg.)  . 

Ash  (kg.)  . 

Carbon  (kg.)  . 

Total  kilogrammes  . 

64.92 

59.80 

390. 

65.57 

62.10 

205. 

69.1 

41.7 

11.8 
293.1 
415.7 

65.06 

62.56 

224. 

50.8 

36.9 
11.0 

277.6 

376.3 

49.50 

42.42 

780. 

59.8 

49.3 

13.2 

323.4 

445.7 

57.92 

53.06 

458. 

9 

40.2 

43.1 

17.2 
325.7 
426.2 

61.54 

57.00 

327. 

60.9 

42.9 
12.8 

301.4 
*  418.0 

Electric  Power 

h.  m. 

h.  m. 

h.  m. 

h.  m. 

h.  m. 

h.  m. 

Time  consumed  working. 

7.50  2,009.56 

184.32 

639.18 

506.34 

3,348.10 

Time  consumed  in  in- 

terruptions  . 

105.39 

4.58 

20.57 

22.11 

153.45 

Total  time  . 

7.50  2,115.35 

189.30 

660.15 

528.45 

3,501.55 

Average  load  (kw.)  .... 

1,121 

1,319 

1,694 

1,017 

1,733 

1,344 

Total  kw.  hours  used  . 

8,780  2,651,029 

312,601 

650,480 

877,706 

4,500,596 

Kw.  hrs.  per  ton  of  Iron. 

3,800 

2,296 

2,149 

2,623 

2,643 

.  2,391 

Iron  per  kw.  year  (tons). 

2.31 

3.82 

4.08 

3.34 

3,31 

3.66 

Electrode  consumption 

Per  ton  of  Iron; 

Gross  (kg.)  . 

11.24 

10.84 

9.19 

7.45 

10.28 

Net  (kg.)  • . 

5.83 

5.24 

4.52 

3.87 

5.27 

*  Filling-  up  of  furnace. 


[A  partial  bibliography  of  recent  literature  on  Electric  Furnace 
is  appended  and  it  is  desired  to  acknowledge  the  assistance  of  the 
Technology  Department  of  the  Carnegie  Library  of  Pittsburgh  in  its 
prep  aration . — Editor  ] 
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Notes  on  the  Development  of  Engineering 
Supervision  for  Steel  Making  Plants 


By  Alex.  L.  Hoerr* 


In  announcing  the  subject  of  this  paper  it  was  the  writer’s 
intention  to  review  in  a  general  way  the  changes  that  have  come 
about  in  the  relations  of  the  engineers  to  the  management  of 
industrial  plants  during  the  period  of  the  writer’s  experience, 
and  to  point  out  some  of  the  things  which  in  the  writer’s  opin¬ 
ion,  have  prevented  a  more  general  recognition  of  the  value  of 
extending  engineering  supervision  beyond  the  design  and  in¬ 
stallation  of  buildings  and  equipment. 

This  review  is  somewhat  desultory  in  character  but  is  of¬ 
fered  in  the  hope  that  it  will  be  elaborated  by  others  of  larger 
experience  than  the  writer  and  will  lead  those  who  read  to 
study  a  much  neglected  phase  of  the  engineers’  education. 

The  writer’s  experience  in  the  steel  mills  began  at  a  time 
when  the  rolling  of  steel  was  being  done  to  a  large  extent  on 
mills  that  had  been  designed  to  roll  iron,  and  were,  therefore, 
not  suited  to  the  new  requirements.  Even  the  newer  mills,  de¬ 
signed  for  the  service  were  often  inadequate,  partly  because  of 
the  inexperience  of  the  designers  and  partly  because  the  de¬ 
mands  of  the  business  grew  so  rapidly  that  the  mills  could  not 
be  kept  in  line  with  them.  The  constant  demand  was  for  ton¬ 
nage.  Day  by  day  this  demand  grew  and  the  mills  had  to 
satisfy  it.  New  and  larger  sizes  of  the  standard  shapes  were 
added  to  the  rolling  schedules  as  well  as  entirely  new  shapes, 
and  as  a  result  of  these  conditions  breakdowns  were  very  fre- 
quent.  The  men  in  demand  were  the  master  mechanics  and 
their  millwrights.  Trained)  only  in  the  hard  school  of  experience. 

Address  of  Retiring  Chairman,  presented  before  the  Mechanical  Section 
February  6th,  and  published  in  the  March,  1912,  Proceedings. 

♦Steam  and  Hydraulic  Engineer,  National  Tube  Company,  McKees¬ 
port,  Pa. 
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these  men  knew  little  of  books  or  calculations.  More  than  likely 
time  could  not  lie  taken  to  determine  the  exact  cause  of  the  break 
and  the  only  remedy  applied  was  to  make  the  new  part  stronger 
than  the  old.  That  this  might  and  often  did  cause  breakage- 
in  some  other  part  of  the  mill  or  machine,  could  not  be  fore¬ 
told,  the  only  point  was  to  get  things  going  again  quickly  as 
possible. 

Foundations  for  new  buildings  or  extensions,  and  for  shears, 
tables  and  other  machinery,  were  located  in  the  field  by  means 
of  a  ball  of  carpenters’  chalk  line,  a  straight  edge,  and  a  spirit 
level.  The  new  building  was  planned  to  be  about  parallel  to 
some  existing  building  or  track  but  seldom  with  any  thought 
of  what  might  be  needed  the  next  year. 

Much  of  the  machinery  was  designed  in  the  pattern  shop, 
and  drawn  up  full  size  on  large  built  up  boards.  Pattern  makers 
and  machinists  worked  to  these  drawings  and  when  the  job 
was  completed  the  drawing  was  erased  with  a  plane  and  every¬ 
thing  was  ready  for  the  designer  once  more.  Repair  parts  were 
obtained  by  having  someone  who  remembered  the  job.  visit  the 
pattern  storage  house  and  by  the  aid  of  some  mysterious  sense 
of  direction,  pick  out  the  pattern.  The  machinist  went  to  the 
broken  or  worn  out  parts  for  his  sizes  and  very  frequently  got 
them  right. 

The  mechanical  men  of  that  period  deserve  great  credit  for 
the  work  they  did  for  the  steel  mills.  Without  engineering 
education  or  elaborate  mechanical  equipment,  they  designed  and 
built  the  plants  that  earned  the  money  to  pay  for  the  successive 
steps  to  our  present  efficient  equipment. 

As  larger  mills  were  built,  with  elaborate  mechanical  mill 
tables,  shear  tables  and  cooling  beds,  the  need  of  a  more  orderly 
method  of  working  became  apparent.  In  some  cases  the  master 
mechanic  arose  to  the  occasion  and  changed  his  methods,  be¬ 
coming  in  fact  the  engineer.  In  most  cases,  however,  he  leaned 
more  and  more  heavily  on  the  once  despised  draughtsman.  The 
mechanical  men  could  no  longer  take  time  to  pick  out  the  pat¬ 
terns,  there  was  other  and  more  important  work  for  them  to  do. 
The  number  of  parts  in  the  plant  had  been  greatly  increased, 
with  a  corresponding  increase  in  the  number  of  spare  parts 
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which  had  to  be  carried.  These  parts  were  as  a  rule  more 
highly  finished  than  the  parts  previously  carried  and  accurate 
drawings  became  a  necessity.  There  had  always  been  a  few 
draughtsmen  stuck  in  some  dark  corner  of  the  plant,  but  they 
were  not  counted  as  of  much  importance.  They  were  usually 
referred  to  in  rather  disrespectful  language  by  the  mechanical 
men,  and  if  the  truth  be  told,  they  often  deserved  it.  The  new 
conditions  made  necesary  the  employment  of  a  large  force  of 
draughtsmen  and  also  the  organization  of  a  field  force  to  survey 
the  ground,  lay  out  the  foundations  for  buildings  and  ma¬ 
chinery,  and  supervise  all  construction. 

The  engineer,  with  this  organization  under  his  control,  be¬ 
came  a  man  of  greater  importance  in  the  plant.  He  was  called 
on  to  assist  in  many  ways  in  the  systematizing  of  numerous 
plant  operations,  beginning  with  a  proper  marking  of  his  own 
drawings,  and  extending  through  the  pattern  shop  into  the 
foundries,  machine  shops  and  other  finishing  departments. 
Men  from  his  department  were  detailed  to  follow  the  orders 
through  the  shops,  expediting  the  transfers  from  one  shop  to 
another,  interpreting  drawings  and  making  such  changes  as 
the  development  of  the  work  made  necessary.  He  could  no 
longer  be  the  designer  of  machinery  for  someone  else  to  build 
as  best  thev  could,  but  on  the  contrary  he  must  studv  carefully 
all  of  the  processes  involved  and  adapt  his  design  to  the  facili¬ 
ties  available. 

In  the  field  all  locations  for  buildings  and  machinery  were 
now  carefully  selected  with  regard  to  the  future  and  many 
surveys  and  studies  were  made  before  excavations  were  started. 
In  order  that  operations  at  widely  separated  points  should  have 
a  definitely  known  relation  to  each  other,  standard  base  lines 
and  elevations  were  established  from  which  all  surveys  started. 
In  many  places  the  power  end  of  the  plant  engineering  grew 
up  as  a  department  distinct  from  the  general  engineering, 
while  in  other  places  they  grew  up  together.  In  any  case  the 
problems  were  unchanged. 

The  old  equipment  usually  consisted  of  flue  or  tubular 
boilers,  simple,  non-condensing  engines  and  simple  direct  act¬ 
ing  pumps.  The  electric  power  house  was  almost  unknown  ex 
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cept  for  a  few  belted  arc  machines.  The  boilers  were  all  hand 
fired  and  ashes  were  taken  out  in  wheelbarrows  or  carts.  Coal 
was  cheap  and  nobody  objected  to  the  smoke  which  was  accepted 
as  the  one  best  sign  of  prosperity.  Into  the  midst  of  these  condi¬ 
tions  the  engineer  was  projected  in  the  course  of  his  progress 
through  the  plant.  The  demand  was  not  so  much  for  changes 
which  would  save  fuel  as  it  was  for  changes  that  would  make  it 
possible  to  pull  the  loads  with  the  existing  engines  and  to  get 
from  the  boilers  enough  steam  to  enable,  them  to  do  it  continu¬ 
ously.  To  meet  this  demand  it  was  necessary  to  systematize  the 
operations  in  the  steam  department.  The  firing  of  coal,  cleaning 
the  fires  and  blowing  down  the  boilers  in  the  various  groups,  were 
all  arranged  so  as  to  interfere  as  little  as  possible  with  the 
production  of  a  regular  supply  of  steam  both  as  to  quantity 
and  pressure.  The  boilers  were  cleaned  more  regularly  and 
more  thoroughly,  and  were  carefully  examined  for  both  steam 
and  water  leaks.  Steam  pipe  systems,  which  had  grown  with  the 
works  and  had  been  extended  in  all  directions  without  any  cal¬ 
culations  as  to  pressure  drop,  were  reconstructed  so  as  to  give 
shorter  runs  to  the  various  consuming  points,  thereby  making 
available  a  higher  average  steam  pressure.  This  together  with 
the  adjustmenti  of  valves  so  as  to  balance  the  work  in  the  cyl¬ 
inders  and  reduce  the  back  pressure,  gave  a  new  lease  of  life 
to  many  engines,  apparently  antiquated. 

As  additions  to  the  plant  were  made,  water  tube  boilers 
and  automatic  stokers  were  introduced,  sometimes  with  mechan¬ 
ical  ash  handling  machinery,  frequently  without.  Compound 
engines  were  adopted  with  much  hesitation  at  first  and  in  many 
cases  were  operated  for  years  without  condensers.  Later  con¬ 
densers  were  added,  and  until  the  advent  of  the  low  pres¬ 
sure  turbine  this  was  considered  the  most  economical  steam 
using  combination  possible.  Some  engineers  maintain  that  this 
is  still  true. 

The  power  plant  grew  greatly  in  size  as  motors  replaced 
engines  for  driving  the  smaller  auxiliaries  in  the  plant,  includ¬ 
ing  the  driving  of  shops,  cranes,  mill  shears  and  tables,  and  the 

problem  of  the  economical  generation  and  transmission  of  elec¬ 
tric  power  became  of  prime  importance. 
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The  reciprocating  steam  engine  had  this  field  to  itself  for 
a  long  time;  hut  the  high  pressure  turbine,  the  large  gas  en¬ 
gine  using  blast  furnace  gas  and  the  low  pressure  turbine,  have 
entered  the  field,  in  the  order  named,  and  are  making  strong 
bids  for  favorable  consideration.  Each  no  doubt  has  its  place, 
it  being  the  engineers'  duty  to  determine  when  and  where  they 
can  be  used  to  the  best  advantage. 

Economizers  and  superheaters  for  the  steam  plant  have 
been  used  rather  sparingly  but  the  tendency  now  is  to  figure 
on  them  very  generally,  especially  in  connection  with  the  utiliza¬ 
tion  of  waste  heat  from  various  metallurgical  operations. 

In  the  plants  where  these  various  fuel  saving  devices  were 
installed,  it  was  quickly  learned  that  their  efficiency  could  only 
be  maintained  through  constant  and  watchful  supervision.  It 
was  not  sufficient  to  install  a  feed  water  heater;  it  was  neces¬ 
sary  by  some  means  to  know  the  water  temperature  from  day 
to  day.  It  was  not  sufficient  to  install  a  compound  condensing 
engine,  it  was  necessary  to  indicate  it  at  intervals  to  see  that 
the  load  was  properly  distributed  between  the  cylinders  and 
that  the  condenser  was  maintaining  a  satisfactory  low  back 
pressure  on  the  low  pressure  piston.  All  other  equipment  re¬ 
quired  similar  watching  to  see  that  its  original  economical  opera¬ 
tion  was  maintained.  In  some  cases,  as  previously  mentioned, 
the  master  mechanic  assumed  this  new  work  and  carried  it  on 
successfully,  but  in  most  cases  it  passed  to  the  engineer.  As- 
there  was  no  important  part  of  the  works  that  did  not  use 
steam,  water  or  electricity,  and  as  the  engineer  was  now  largely 
responsible  for  their  economical  production  and  distribution, 
there  was  no  important  phase  of  the  plants'  operation  with 
which  he  was  not  brought  in  close  contact.  Although  still  look¬ 
ed  upon  by  the  “practical”  man  as  somewhat  of  a  dreamer,  he 
had  an  established  place  in  the  plant  and  was  doing  a  work 
which  became  of  more  importance  every  day. 

Today  the  power  problem  is  being  given  careful  and  de¬ 
tailed  consideration  in  many  large  plants  by  separate  engineer¬ 
ing  depatments.  organized  for  the  purpose  of  collecting  and 
interpreting  data.  These  studies  are  of  value  for  many  pur¬ 
poses;  among  others,  to  determine  the  conditions  under  which 
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most  nearly  continuous  operation  is  assured;  to  determine  the 
conditions  for  most  economical  operation ;  to  aid  in  accurately 
determining  costs  of  various  products  by  a  proper  distribu¬ 
tion  of  steam,  water,  electricity,  etc.,  to  the  various  departments 
and  to  accumulate  in  available  form,  data  from  which  the 
merits  of  proposed  new  equipment  can  be  judged. 

To  this  end  records  are  kept  of  the  steam  and  water  pres¬ 
sures,  of  the  condenser  pressures,  of  the  temperatures  of  boiler 
feed  water  and  of  condenser  water,  of  the  weight  of  coal  and 
water  supplied  to  the  boilers,  of  packing  and  pump  valve  ser¬ 
vice,  of  lubricating  costs,  and  in  short  as  nearly  as  possible  of 
all  variables  that  affect  the  operation  of  the  plant.  The  records 
are  supplemented  by  records  of  numerous  boiler,  engine  and 
pump  tests  made  under  operating  conditions.  All  of  these 
data  are  then  available  for  study  by  interested  parties  either 
to  throw  light  on  certain  cost  sheet  items  or  in  connection  with 
changes  in  equipment. 

That  the  engineer  has  reached  the  limit  of  his  development 
in  plants  of  this  character,  the  writer  does  not  believe.  Many 
men  of  engineering  training  and  experience  have  reached  im¬ 
portant  executive  positions,  and  there  are  many  reasons  for 
believing  that  many  more  will  do  so  in  the  future. 

Expression  has  been  given,  however,  more  and  more  fre¬ 
quently  of  late,  to  a  belief  that  will  do  much  to  prevent  this. 
It  has  appeared  in  the  engineering  press  and  is  frequently 
heard  in  the  conversation  of  engineers.  It  is  to  the  effect  that 
the  engineering  profession  is  not  properly  recognized;  that  it 
does  not  receive  financial  rewards  commensurate  with  the  ser¬ 
vices  performed,  and  that  it  does  not  receive  the  recognition 
in  civic  affairs  which  its  interests  demand  and  which  its  abili¬ 
ties  merit.  Much  of  this  matter  has  about  it  a  melancholy,  dis¬ 
heartening  sound;  it  professes  belief  in  a  most  distressing  state 
of  affairs,  blames  it  all  on  someone  or  something  outside  of  the 
engineering  profession,  and  looks  for  relief  through  some  mys¬ 
terious  awakening  of  the  other  fellow  which  will  enable  him 

a 

to  see  the  engineer  as  the  engineer  now  sees  himself. 

In  the  writer’s  opinion  there  is  very  little  reason  for  such 
expressions  and  the  instances  in  which  conditions  seem  to  be  as 
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represented,  are  almost  entirely  the  fault  of  the  engineers 
themselves.  Financial  rewards  come  to  those  who  have  for 
«ale  that  which  is  in  demand.  It  is  not  sufficient  that  a  man 
be  familiar  with  the  laws  of  physics  and  mechanics  or  be  able 
to  calculate  stresses  in  structures  or  solve  problems  in  thermo¬ 
dynamics.  Such  knowledge  is  necessary  for  the  engineer,  but 
he  may  have  it  all  and  still  be  a  mere  calculating  machine,  dif¬ 
fering  from  others  only  in  height,  weight  or  in  the  color  of  his 
hair.  In  an  age  when  technical  education  is  so  easily  obtained 
such  knowledge  alone  cannot  win  large  rewards.  \t  is  very 
-easy  to  get  men  who  can  solve  problems  in  mathematics  and 
mechanics  given  the  necessary  data,  but  it  is  very  difficult  to 
get  men  who  can  assemble  the  data  in  proper  form  from  the 
work  in  hand.  It  is  very  easy  to  get  men  who  can  use  steam 
tables  and  indicator  diagrams  in  the  solution  of  a  power  prob¬ 
lem,  but  it  is  very  difficult  to  get  men  who  can  see  this  power 
problem  in  the  plant  conditions.  It  is  very  easy  to  get  men 
Avho  can  sit  at  a  desk  and  solve  complicated  problems  in  applied 
mechanics,  but  it  is  very  difficult  to  get  men  who  can  go  into 
the  works  or  through  the  offices  and  solve  the  constantly  re- 
curing  problems  in  applied  human  nature.  As  engineers  we 
have  been  taught  that  our  profession  is  for  the  purpose  of 
“subduing  the  forces  of  nature  to  the  service  of  mankind”, 
but  we  have  not  been  taught  to  any  considerable  extent  that 
“human  nature”  is  one  of  the  forces  to  he  subdued.  Many 
projects,  technically  correct  and  very  desirable  cannot  be  car¬ 
ried  out  at  all  or  only  in  a  greatly  modified  form,  for  some 
reason  that  lies  in  the  realm  of  human  nature  study.  En- 
gineers  have  frequently  failed  to  secure  the  confidence  of  em¬ 
ployers  or  clients  because  of  their  persistent  refusal  to  recog¬ 
nize  the  existence  of  such  reasons. 

Much  of  the  difficulty  encountered  has  been  due  to  improper 
teaching  in  technical  schools.  Too  much  specialization  is  not 
a  good  thing,  some  very  eminent  authorities  to  the  contrary 
notwithstanding.  President  Lowell  of  Harvard  recognized  this 
truth  when  he  said  “The  best  type  of  liberal  education  in  our 
complex  modern  Avorld,  aims  at  producing  men  who  know  a 
little  of  everything  and  something  well.”  It  were  better  for 
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the  engineer  to  know  less  of  the  strictly  technical  subjects  of 
his  profession,  than  to  gain  them  at  the  expense  of  his  general 
knowledge  of  language,  history  and  the  liberal  arts. 

President  Hadley  of  Vale  when  speaking  at  the  dedication 
of  the  Engineering  Societies’  Building  in  New  York,  in  1907, 
said:  “The  men  who  did  more  than  anything  else  to  make  the 
nineteenth  century  different  from  the  other  centuries,  were 
its  engineers. 

“Down  to  the  close  of  the  eighteenth  century  the  thinking 
of  the  country  was  dominated  by  its  theologians,  its  jurists  and 
its  physicians. 

“It  was  reserved  for  the  nineteenth  century  to  recognize 
the  dominance  of  abstract  thought  in  a  new  held — the  field  of 
constructive  effort — and  to  revere  the  trained  scientific  expert 
for  what  he  had  done  in  these  lines.'’ 

These  words  of  praise  for  'the  profession  have  been  earned 
by  the  representative  men  in  all  branches  of  engineering  who 
have  studied  and  labored  along  broad  lines.  If  we  wish  to  apply 
them  justly  to  the  members  of  any  particular  class  of  engineers, 
the  members  of  that  class  must  first  exert  themselves  along 
other  than  strictly  technical  lines.  They  must  avoid  becoming 
narrow  specialists  no  matter  how  efficient  this  may  make  them 
judged  by  certain  standards.  They  must  study  social  and  eco¬ 
nomic  problems  as  well  as  mathematical  and  mechanical  ones. 
They  must  understand  that  the  solution  of  any  problem  is  more 
than 'a  question  of  bending  moments,  stresses  or  heat  units  and 
requires  a  careful  study  of  all  the  human  elements  that  may 
he  involved. 

When  a  large  number  of  those  engaged  in  any  branch  of 
engineering  have  such  a  conception  of  their  work,  the  matter 
of  recognition,  either  financial  or  civic  will  take  care  of  itself, 
for  to  the  writer's  mind  it  is  self  evident  that  every  man  gets 
just  what  is  his  due,  all  things  considered. 

Engineers  are  presumed  to  be  intelligent  and  educated  men 
and  no  doctrine  of  discontent  should  find  lodgment  in  their 
minds.  Thorough  preparation  for  the  work  that  is  to  be  done 
along  broad  and  liberal  lines  will  win  the  desired  recognition 
and  gain  for  the  engineers  a  place  with  the  members  of  the 
other  learned  professions. 


SAFETY  CONSIDERATIONS  IN  INDUS¬ 
TRIAL  ENGINEERING 


By  David  S.  Beyer* 


Relation  of  the  Accident  Problem  to  Engineering :  “Life”  is 
responsible  for  the  following  conversation  purporting  to  have 
taken  place  between  two  workmen ; 

“Bill’s  goin’  to  sue  the  company  for  damages.” 

“Why?  Wot  did  they  do  to  ’im?” 

“They  blew  the  quittin’  whistle  whin  ’e  was  carryin'  a 
'eavy  piece  of  iron  and  ’e  dropped  it  on  ’is  foot.” 

Whether  this  particular  incident  really  occurred,  or  not, 
any  one  who  has  had  much  experience  with  accident  investi¬ 
gations  could  readily  furnish  cases  very  like  this  in  character, 
from  his  own  experience.  Take  for  example  the  two  men  who 
picked  up  a  door  covering  a  large  opening  in  the  floor,  and 
started  to  carry  it  away;  one  of  them  moved  backwards  safely 
enough,  and  the  other  one  walked  forward  and  fell  through 
the  opening  they  had  just  made.  Or  that  of  the  rigger  who, 
notwithstanding  the  fact  that  he  was  an  experienced  man  and 
had  worked  around  the  mill  for  a  long  time,  hung  the  rope  that 
supported  his  scaffold,  over  the  rail  of  a  crane  runway,  with¬ 
out  notifying  any  one ;  a  few  minutes  later  a  crane  passing 
overhead  cut  off  the  rope  and  precipitated  the  scaffold,  includ¬ 
ing  this  man  and  his  helper,  to  the  floor. 

Many  instances  of  this  sort,  which  are  fit  parallels  to  the 
old  story  of  the  man  who  sat  on  the  limb  of  an  apple  tree  and 
then  sawed  off  the  limb  underneath  him,  might  be  cited ;  if  they 
were  characteristic  of  the  general  average  of  industrial  accidents, 
the  subject  would  be  of  little  interest  to  engineers,  but  such  is 
not  the  case. 

♦Chief  Safety  Inspector,  American  Steel  &  Wire  Company. 

Presented  at  the  regular  monthly  meeting  of  the  Society  March  19th 
and  published  in  the  April,  1912,  Proceedings. 
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In  contrast  with  these  simple  occurrences,  the  consideration 
of  industrial  accidents  brings  us  face  to  face  with  the  most 
complex  problems  of  engineering  construction  and  design,  with 
the  generation,  distribution  and  control  of  mechanical  and  elec¬ 
trical  power,  and  all  of  the  intricate  and  varied  machinery  in 
connection  therewith. 


ATTENTION  DRAFTSMEN 


TAKE  THE  NECESSARY  TIME 


AND  SEE  THAT  EVERY  DRAWINC 


YOU  MAKE  FULLY  PROVIDES  FOR 


THE  SAFETY  OF  THE  EMPLOYEE. 


Fig.  1.  Safety  Sign  for  Drafting  Rooms. 

Blue  prints  of  the  above  sign,  about  3  ft.  by  4  ft.  in  size,  are  framed 
and  posted  in  each  drafting  room,  in  order  to  keep  the  necessity  for  safety 
provisions  constantly  before  the  minds  of  the  draftsmen.  In  laying  out 
new  work,  safeguards  can  be  obtained  with  the  minimum  of  trouble  and 
expense,  if  provided  for  in  the  drafting  room  while  the  installation  exists 
only  on  paper;  whereas  it  may  be  difficult  or  even  impossible  to  make 
satisfactory  safety  provisions  after  the  equipment  has  been  constructed 
and  placed  in  service. 


In  reality  there  are  fundamental  reasons  why  this  sub¬ 
ject  of  industrial  safeguards  should  be  of  the  greatest  interest 
to  engineers  because  of  the  particular  vantage  point  from  which 
they  approach  it.  Some  one  has  said  that  “an  engineer  is  a 
man  who  can  do  for  one  dollar  what  any  fool  could  do  for  two.  ’  ’ 
When  it  conies  to  the  installation  of  safety  devices,  this  state¬ 
ment  might  be  made  even  stronger;  in  laying  out  new  work  an 
engineer  can  often  do  for  nothing  that  which  cannot  be  done 
with  a  large  expenditure,  if  it  is  not  embodied  in  the  original 
plan.  One  of  your  members  recently  mentioned  a  certain  mill 
which  is  notably  unsafe,  but  the  arrangement  is  such  that  little 
can  be  done  to  improve  the  condition  without  rebuilding  the 
entire  mill.  You  will  readily  understand  what  a  waste  of  time, 
product,  expense  and  energy  would  be  involved  if  this  were 
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clone,  but  it  is  being  considered  and  may  prove  to  be  the  only 
way  out  of  the  difficulty. 

The  engineer,  who  takes  hold  of  the  safety  problem  at  its 
logical  beginning,  when  it  exists  only  on  paper,  has  but  an 
acorn  to  handle  in  comparison  with  the  oaken  logs  of  difficulty 
that  may  grow  out  of  the  plans  after  they  have  taken  form  in 
steel  and  concrete. 
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Fig.  2.  Standard  Title  Plate  With  “Checked  for  Safety”  Clause. 

This  title  plate  is  used  for  drawings  of  construction  and  repair  work, 
before  they  are  accepted,  so  as  to  make  sure  that  all  desirable  safety 
features  have  been  included  in  them. 


I  accordingly  feel  that  it  is  especially  apropriate  that  this 
engineering  body,  which  is  made  up  of  men  who  are  actively 
engaged  in  working  out  the  constructive  details  of  the  manu¬ 
facturing  equipment  of  our  great  industries,  should  take  an 
interest  in  this  subject;  if  you  will  do  that,  collectively  and  in¬ 
dividually,  you  can  accomplish  much  for  the  cause  of  safety. 

In  speaking  to  a  body  of  men  such  as  those  before  me  to¬ 
night,  I  think  it  is  safe  to  assume  that  we  are  all  agreed  as  to 
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the  desirability  of  accident  prevention.  This  subject  is  one 
that  appeals  at  once  to  our  humanitarian  instincts,  and  while 
it  is  possible  to  build  up  a  logical  argument  in  favor  of  it,  I 
do  not  believe  such  arguments  are  needed  in  this  case. 

We  will  accordingly  confine  our  attention  to  a  consideration 
of  the  practical  problems  that  are  encountered  in  endeavoring 
to  carry  out  a  broad  policy  of  accident  prevention,  particularly 
in  its  relation  to  the  science  of  engineering. 

The  question  of  cost  is  always  one  that  comes  to  the  sur¬ 
face  when  safety  work  is  concerned.  There  is  a  nation-wide 
broadening  of  sentiment  in  this  connection,  and  we  are  coming 
more  and  more  to  realize  that  it  is  impossible  to  express  human 
life  and  suffering  in  terms  of  dollars  and  cents,  and  yet 
economy  in  operation  is  legitimate  and  absolutely  essential  ta 
the  conduct  of  a  successful  business. 

The  installation  of  safety  devices  in  a  new  plant,  the  proper 
equipment  of  new  machinery  that  may  be  added  to  it  from  time 
to  time,  and  the  adoption  of  newly  developed  safety  measures 
to  old  equipment,  involve  the  expenditure  of  large  sums  of 
money,  and  the  problem  of  the  economical  expenditure  of  this 
money,  is  primarily  one  for  the  engineer. 

Need  for  Standardization :  Standardization  of  safety  de¬ 
vices  is,  at  present,  urgently  needed.  Much  of  the  preliminary 
work  along  this  line  had  already  been  done,  and  the  general 
direction  which  such  efforts  should  take,  is  pretty  well  out¬ 
lined.  In  actual  practice,  however,  there  is  much  diversity,  and 
the  work  can  only  be  carried  along  smoothly  and  satisfactorily 
when  uniform  standards  have  been  adopted  that  will  enable 
every  one  to  work  intelligently  along  the  same  lines. 

The  need  for  standardization  is  being  rendered  more  ap¬ 
parent  by  a  constantly  increasing  flood  of  legislation.  Many 
of  the  states  are  enacting  stringent  liability  laws,  the  general 
tendency  of  which  is  to  do  away  with  the  defenses  that  have 
been  open  to  an  employer  in  the  past,  and  to  place  upon  him 
the  entire  responsibility  for  all  accidents,  unless  it  can  be  prov¬ 
en  that  the  injured  employee  was  intoxicated,  or  evinced  a 
“reckless  indifference  to  safety”,  as  the  New  Jersey  Act  puts  it. 


This  drawing  shows  safety  attachments  for  top 
a  built-up  planlc  for  uso  In  place  of  ordinary  solid 
same  time  strong  construction,  which  will  not  fall  f 
purposes  and  may  be  readily  Identified  If  this  Is  do 
planking  on  hand. 
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5  for  Emery  Wheels. 


1  been  well  tried  out  in  actual  service;  the  rules  for  mounting, 
id,  will  largely  reduce  the  danger  of  bursting  wheels.  The  small 
nd  protects  the  eyes  of  the  man  using  it. 


BEYER — INDUSTRIAL  ENGINEERING  SAFETY  1 29 

In  any  event  the  employer  is  held  responsible  if  it  can  be 
shown  that  he  has  not  met  every  legal  requirement  regarding 
the  installation  of  safety  devices  and  these  requirements  are 
usually  so  vague  and  full  of  generalities,  that  no  one  can  be 
certain  as  to  just  when  they  have  been  fulfilled.  The  general 
tenor  of  legislation  in  this  connection  is  to  the  effect  that  an 
employer  must  provide  his  employees  with  a  safe  place  to  work, 
and  whenever  an  accident  occurs,  of  course  the  natural  infer¬ 
ence  is  that  a  “safe  place”  was  not  provided.  Note  the  fol¬ 
lowing  clauses  which  are  quoted  from  actual  statutes  now  in 
effect  in  some  of  our  prominent  states, — “Whenever  practicable, 
all  machinery  shall  be  provided1  with  loose  pulleys”, — etc.;  “Ma¬ 
chinery  of  every  description  shall  be  properly  guarded”;  “If, 
in  the  opinion  of  the  factory  inspector  it  is  necessary  to  pro¬ 
tect  the  life  or  limbs  of  employees”,  etc.,  etc. 

In  other  'words,  the  penalty  for  disobeying  the  law  has 
been  established,  without  giving  any  definite  clue  by  which  the 
“culprit”  may  know  when  he  has  complied  with  its  provisions. 

It  is  undoubtedly  better,  for  the  present  at  least,  that  the 
matter  has  been  left  open,  since  safety  rules  which  are  pre¬ 
pared  hastily,  and  without  due  consideration,  are  likely  to  be 
quite  as  unsatisfactory  as  the  absence  of  any  rules,  and  where 
legislation  has  been  enacted  that  goes  into  much  detail,  it  gen¬ 
erally  produces  hardships  in  its  application  because  it  is  im¬ 
possible,  from  a  practical  standpoint,  to  fully  comply  with  it. 

Just  as  it  is  necessary  for  the  engineer  to  determine  the 
strength  of  his  materials  and  lay  out  the  design  for  a  bridge, 
before  any  traffic  regulations  for  it  become  necessary,  so,  in  the 
field  of  safety  work,  he  should  determine  the  kind  and  construc¬ 
tion  of  practical  safeguards,  and  develop  them  to  the  point 
where  they  may  be  considered  as  standards,  before  any  attempt 
should  be  made  to  write  them  into  a  law. 

The  various  companies  composing  the  United  States  Steel 
Corporation  have  been  working  for  several  years  in  an  effort  to 
establish  standards  of  this  sort  for  their  own  mutual  guidance. 

Safety  Specifications :  One  of  the  companies,  with  the  co¬ 
operation  and  assistance  of  the  other  members  of  the  Corpora¬ 
tion,  has  prepared  a  booklet,  “Rules  and  Requirements  for  the 
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Installation  of  Electric  Wiring  and  Apparatus”*,  containing- 
36  pages  of  instructions. 

In  this,  special  consideration  has  been  given  to  the  ques¬ 
tion  of  safety,  which  is  a  more  vital  consideration  when  power 
is  transmitted  by  means  of  electricity,  than  in  any  other  form, 


Fig.  5.  Safety  Plank  and  Staging. 

This  shows  the  rigidity  of  the  built-up  plank,  and  when  used  in  con¬ 
nection  with  horses  or  ladders  of  the  type  illustrated,  it  may  be  set  up 
very  quickly  in  a  mill;  this  does  away  with  the  use  of  make-shift  scaffold¬ 
ing,  which  is  a  prolific  source  of  injury  in  emergency  work  of  this  sort. 
The  ladder  steps  are  staggered  so  that  the  plank  can  be  quickly  adjusted 
to  any  desired  height. 

since  the  control  of  electric  power  is  not  primarily  one  of  me¬ 
chanical  strength,  but  is  complicated  by  many  other  consider¬ 
ations. 

Specifications  and  safety  rules  have  also  been  prepared  for 
engines,  boilers,  electric  cranes,  elevators,  machine  tools,  etc.,. 

♦Issued  by  the  Carnegie  Steel  Company,  Pittsburgh. 
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and  copies  of  this  data  will  be  presented  in  connection  with  this 
paper.  In  addition  to  these  types  of  equipment,  each  of  which 
comprises  a  large  and  important  class  of  machinery  in  any  mill 
or  manufacturing  establishment,  there  is  an  almost  infinite  var¬ 
iety  of  safety  devices  that  are  applicable  to  the  special  condi¬ 
tions  or  equipment  required  in  any  particular  industry. 


Fig.  6.  Portable  Ladder  Equipped  With  Safety  Feet. 

Each  foot  of  this  ladder  has  a  pivoted  base,  which  is  rendered  “non¬ 
slipping”  by  the  use  of  a  carborundum  surfaced  metal  plate;  it  supported 
a  man  when  placed  at  an  angle  of  35  deg.  from  the  horizontal,  on  an  oily 
concrete  floor. 


These  have  been  issued  in  the  form  of  circulars,  pamphlets, 
and  booklets,  by  the  various  subsidiary  companies  of  the  United 
States  Steel  Corporation,  but  they  are  now  being  compiled  by 
the  Corporation  Committee  of  Safety,  in  the  form  of  a  general 
handbook,  or  book  of  rules,  covering  such  equipment  as  is  com¬ 
mon  to  the  various  companies.  Some  of  the  actual  mill  instal¬ 
lations  of  such  safety  equipment  will  be  shown  in  the  lantern 
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slides  accompanying  this  talk,  and  in  the  illustrations  that  will 
appear  in  connection  with  the  printed  paper. 

Protection  of  Gearing :  In  looking  over  these  specifications, 
it  will  be  noted  that  certain  definite  standards  have  been  adopted. 

As  regards  gearing,  it  is  specified  that  gears  shall  be  “com¬ 
pletely  enclosed A  set  of  open  gearing  is  so  obviously  danger¬ 
ous,  and  there  have  been  so  many  accidents  caused  by  men  get¬ 
ting  caught  in  gears,  that  they  were  among  the  first  features 
covered  by  factory  regulations,  and  there  is  legislation  against 
them  all  over  the  country.  This  legislation,  as  already  mention¬ 
ed,  however,  is  of  such  a  general  nature,  and  so  indefinite  in 
its  character,  as  to  leave  a  boundless  field  for  argument,  as  to 
whether  a  particular  set  of  gearing  is  dangerous  or  not.  Often 
the  manufacturers  of  new  tools,  with  the  best  possible  opportun¬ 
ity  for  protecting  their  equipment  before  it  is  sent  out,  are  slow 
to  do  so,  and  notwithstanding  the  fact  that  there  is  this  legisla¬ 
tion  against  exposed  gearing,  new  machinery  is  being  turned  out 
constantly  in  great  quantities,  without  any  guards  for  the  gear¬ 
ing,  or  with  guards  which  are  inadequate. 

In  a  recent  order  for  new  machine  tools  placed  by  the  Amer¬ 
ican  Steel  &  Wire  Company,  and  in  which  the  standard  safety 
specifications  were  used,  30  out  of  a  total  of  80,  or  more  than 
one-third,  were  not  properly  guarded;  in  a  number  of  cases 
the  builders  who  furnished  these  tools  provided  the  safeguards 
without  protest,  but  some  of  them  tried  to  evade  the  respon¬ 
sibility  altogether,  notwithstanding  the  fact  that  they  had  ac¬ 
cepted  the  specifications,  and  the  orders  had  been  placed  with 
the  distinct  understanding  that  these  specifications  be  followed. 
Long  experience  and  numerous  accidents  have  demonstrated  be¬ 
yond  a  doubt,  that  the  only  proper  way  to  protect  gearing,  is 
to  thoroughly  enclose  it,  not  merely  at  the  mesh  point,  but 
around  its  entire  circumference,  and  where  there  are  arms  in 
the  wheels,  these  should  be  protected  also.  A  pair  of  gears 
may  be  in  such  a  location  that  there  does  not  seem  to  be  much 
danger,  under  ordinary  conditions,  but  something  develops  that 
brings  a  man  into  an  unusual  location,  and  he  is  caught  in  an 
unexpected  manner.  When  the  thorough  enclosure  of  all  gear¬ 
ing  has  come  to  be  accepted  as  a  necessary  standard,  the  build- 
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ers  of  new  machinery  will  conform  to  this  provision  without 
question,  and  the  men  who  are  responsible  for  safety  conditions 
in  a  manufacturing  establishment  will  find  their  task  much 
easier,  through  the  elimination  of  a  constant  influx  of  new  ma¬ 
chinery  which  is  inadequately  protected. 

Electrical  Apparatus :  A  similar  condition  exists  as  regards 
the  protection  of  electric  wiring  and  apparatus;  there  is  just 
the  same  possibility  for  argument  and  quibbling  in  this  field 
as  has  existed  for  a  long  time  in  respect  to  gearing,  but  inas¬ 
much  as  the  extensive  use  of  electricity  is  a  rather  more  recent 
development,  the  safeguarding  of  electrical  apparatus  has  not 
yet  reached  as  high  a  relative  standard  as  that  of  some  other 
classes  of  machinery.  Within  the  last  year,  the  writer  attended 
a  convention  of  electrical  engineers,  at  which  there  was  a  lengthy 
discussion  of  safety  problems  encountered  by  the  electrician; 
during  the  course  of  this  discussion,  considerable  time  was  spent 

in  an  effort  to  determine  the  limit  of  voltage  which  might  be 

# 

considered  safe,  and  below  which  no  special  safety  precautions 
need  be  taken.  Some  of  those  present  were  in  favor  of  making 
this  limit  above  500,  others  thought  it  should  be  as  low  as  220; 
finally  an  arbitrary  division  was  made  at  275  volts,  although 
three  cases  were  mentioned  as  having  occurred  within  the  per¬ 
sonal  experience  of  its  members,  where  men  were  killed  as  a 
result  of  having  come  in  contact  with  apparatus  carrying  only 
110  volts.  The  Chairman  of  the  meeting  remarked  that  “a 
man  who  would  be  killed  by  110  volts  would  probably  drop 
dead  if  a  gun  were  fired  off  behind  him”,  as  he  evidently  had  a 
weak  heart;  that  may  be  true,  but  it  is  of  little  value  after  the 
roan  is  dead,  and  since  there  are  men  who  are  so  sensitive  to 
electric  shock,  the  logical  thing  to  do  is  to  protect  them  by  in¬ 
sulating  or  enclosing  all  electric  conductors  used  in  the  sys¬ 
tem  of  power  transmission  common  in  industrial  plants,  re 
gardless  of  voltage.  It  will  be  noted  that  this  is  called  for  in 
the  arrangement  of  switchboard  and  wiring  in  the  crane  speci¬ 
fications  submitted  herewith;  in  addition  to  the  general  enclos¬ 
ure  and  insulation  of  conductors,  wiring  is  to  be  placed  in  metal 
conduit,  which  is  continuous  to  switch  boxes,  etc.  so  that  there 
are  no  bare  terminals  exposed.  This  protects  the  wiring  from 


Fig.  7.  Protected  Emery  Grinder. 

This  has  safety  hoods,  plate  glass  guards,  belt  guard,  etc.;  the  spindles 
of  all  emery  grinders  in  this  plant  have  been  made  a  uniform  diameter  of 
2 y2  in.;  so  that  the  wheels  are  interchangeable  and  can  be  transferred  from 
one  stand  to  another,  to  secure  suitable  speed  and  working  conditions  as 
they  wear  down. 
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abrasion  or  injury  to  its  insulation,  and  largely  reduces  the 
danger  of  short  circuits,  or  the  charging  of  adjacent  parts, 
through  which  many  accidents  have  occurred,  and  even  if  a  live 
wire  should  make  an  accidental  contact  with  the  conduit  this  is 
grounded  so  that  no  injury  could  result  from  any  one  touch¬ 
ing  it. 

Even  though  the  current  itself  were  insufficient  to  cause 
injury,  a  slight  shock  which  startles  a  man  working  around 
machinery,  causing  him  to  make  an  unexpected1  move,  may  ex¬ 
pose  him  to  danger  from  another  source.  A  personal  exper¬ 
ience  of  the  writer  will  illustrate  this  point.  He  was  on  a  crane 
some  30  feet  from  the  ground,  examining  the  operation  of  a 
hoist  limit,  and  in  doing  so  stood  on  a  foot-walk  on  the  side  of 
the  crane,  leaning  over  to  look  down  between  the  girders  at  the 
hoist,  with  one  hand  resting  on  the  trolley;  this  hand  accidental¬ 
ly  touched  a  bare  switch,  and  although  the  voltage  was  only 
220,  the  sudden  shock  caused  the  hasty  removal  of  his  hand,  and 
only  the  fact  that  he  was  able  to  grasp  another  adjacent  part  of 
the  trolley  and  regain  his  balance,  prevented  him  from  falling 
between  the  girders  to  the  floor. 

German  manufacturers  have  gone  much  further  in  comply¬ 
ing  with  this  demand,  than  have  those  in  the  United  States. 
They  have  power  plants  equipped  with  enclosed  starting 
rheostats,  switches,  fuse  boxes,  terminals,  etc.,  while  there  are 
only  scattering  bits  of  equipment  of  this  kind  being  placed  on 
the  market  in  this  country.  The  representative  of  a  prominent 
manufacturer  who  was  recently  exploiting  a  “new”  enclosed 
switch  which  his  company  had  “invented”  and  was  about  to 
place  on  the  market,  evinced  considerable  surprise  on  being 
shown  the  same  construction  in  a  handbook  of  standard  German 
appliances. 

An  insistance  upon  the  thorough  enclosure  or  guarding 
of  all  gearing  on  mechanical  appliance,  and  of  all  conductors  in 
electrical  installations,  would  set  a  uniform  standard  that  could 
be  followed  throughout  by  every  one,  and  it  would  do  away  with 
endless  controversy  as  to  where  the  dividing  line  should  be 
drawn  between  “safe”  and  “unsafe.” 
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General  Power  Transmission  and  Distribution :  In  design¬ 
ing  a  new  plant  or  department,  there  are  many  problems  in¬ 
volved  in  the  transmission  of  power  from  the  place  where  it  is 
generated  to  the  machines  using  it,  and  at  every  step  in  the 
generation  or  transmission  of  power,  there  are  dangerous  pos¬ 
sibilities  that  must  be  guarded  against.  In  the  first  place  a 
great  deal  depends  upon  adequate  and  convenient  controlling 
apparatus,  so  that  the  power  can  be  shut  off  promptly  in  case 
any  one  is  caught;  probably  many  of  those  present  have  known 
of  cases  where  a  man  ran  the  length  of  a  building  to  notify 
the  engineer  to  stop  his  engine  where  some  one  was  caught  on 
a  shaft  or  in  a  machine,  or  where  it  has  been  necessary  to  climb 
to  an  overhead  platform  in  order  to  reach  the  switch  of  a  motor, 
which  had  been  located  adjacent  to  the  motor  as  a  matter  of 
convenience,  without  any  thought  of  the  safety  feature. 

An  emergency  stop  may  he  applied  in  the  form  of  what 
is  known  as  the  “ Automatic  engine  stop”,  in  the  case  of  steam 
engines,  where  the  pushing  of  a  button  located  at  any  point 
near  the  machinery  to  which  power  is  supplied,  will  stop  the 
engine. 

A  similar  arrangement  can  be  used  for  electrically  driven 
apparatus,  and  it  is  even  more  flexible  and  effective  on  this  sort 
of  equipment,  since  the  stop  buttons  may  be  applied  in  a  variety 
of  ways  in  connection  with  circuit  breakers  and  magnetic 
switches,  etc.  and  the  cutting  off  of  electric  power  through  the 
medium  of  one  of  these  buttons  causes  the  machinery  to  stop 
more  quickly  than  where  an  engine  is  involved,  since  the  motor 
in  operation  has  very  little  momentum,  whereas  the  energy 
stored  up  in  an  engine  fly-wheel  will  usually  cause  it  to  run 
anywhere  from  a  half  minute  to  a  minute  and  a  half  after  the 
steam  has  been  shut  off. 

The  use  of  electric  power  also  does  away  with  long  lines  of 
transmission  shafting,  and  complicated  systems  of  belting  and 
drives,  so  common  where  steam  engines  furnish  the  motive  pow¬ 
er  for  a  mill.  There  are  numerous  safety  details  to  be  looked 
after  in  such  installation. 

Main  driving  belts  running  at  a  high  speed  must  have  a 
substantial  guard  arranged  to  prevent  their  striking  any  one  in 


Fig.  8.  Standard  Drawing  Showing  Safety  Cage,  Ladders,  Walks,  Stairways,  Etc. 
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case  of  breakage,  and  where  rope  transmission  is  employed 
there  is  the  added  danger  of  a  rope  wrapping  around  the  revolv¬ 
ing  shaft,  and  tangling  in  the  machinery  adjacent  to  it,  thus 
wrecking  either  the  shafting  or  machinery.  A  line  of  overhead 
shafting  must  be  lubricated,  and  the  work  of  the  oiler  who  looks 
after  this  lubrication  is  a  dangerous  occupation;  this  danger  can 


Fig.  9.  Vertical  Ladder  Equipped  With  Safety  Cage. 

If  a.  man’s  hand  should  slip  from  one  of  the  rungs  of  this  ladder,  his 
shoulders  would  strike  the  bars  back  of  him,  and  prevent  his  falling  from 
the  ladder. #  The  intermediate  landing  makes  it  impossible  for  one  to  drop 
more  than  a  short  distance,  even  though  hands  and  feet  should  both  lose 
their  hold  at  the  same  time. 
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be  reduced  by  the  installation  of  adequate  walks  and  platforms, 
or  by  an  arrangement  for  oiling  the  shafting  from  the  floor. 

The  shafting  must  be  provided  with  safety  couplings,  in 
which  the  revolving  bolt  circle  is  protected.  In  some  states  the 
legislation  now  in  effect  makes  it  necessary  to  enclose  the  shaft 
itself,  in  a  tube  or  sleeve,  to  avoid  legal  responsibility  in  case  of 
accident.  Slight  as  this  danger  would  appear  at  first  glance, 
there  are  numerous  instances  on  record  where  men  have  had 
their  clothing  caught  on  a  perfectly  smooth  shaft,  and  been  car¬ 
ried  around  it,  so  the  precaution  of  enclosing  shafting,  at  least 
where  men  must  work  in  close  proximity  to  it  while  it  is  revolv¬ 
ing,  is  a  wise  one. 

The  belts  supplying  power  from  the  main  shaft  to  the  ma¬ 
chines  should  be  guarded,  where  they  pass  around  pulleys  close 
to  the  floor,  to  prevent  danger  of  workmen  being  caught  be¬ 
tween  the  belt  and  the  pulley.  All  this  belting  should  be  glued 
so  as  to  make  it  “endless”,  as  the  hooks  which  are  commonly 
used  not  only  weaken  the  belt  considerably,  or  do  not  develop 
its  full  strength,  but  they  are  liable  to  catch  in  the  hands  or 
clothing  of  persons  working  around  them. 

Shifters  should  be  provided  for  throwing  belts  on  indi¬ 
vidual  machines  back  and  forth  from  tight  to  loose  pulleys,  and 
all  shifters  should  be  provided  with  a  positive  locking  arrange¬ 
ment,  so  that  they  will  not  allow  a  belt  to  “creep”  from  the 
loose  to  the  tight  pulley,  thus  starting  up  the  machine  when  an 
operator  is  not  expecting  it,  and  catching  him  unawares. 

Set  Screws:  In  shafting  or  machinery  of  any  description, 
projecting  set  screws  are  a  decided  menace,  and  have  been  re¬ 
sponsible  for  many  serious  and  fatal  accidents.  Although  there 
has  been  legislation  against  them  for  many  years,  they  are 
still  to  be  found  in  greater  or  less  quantities,  in  almost  every 
manufacturing  plant.  The  elimination  of  these  set  screws  is 
not  such  a  simple  matter  as  would  at  first  appear  to  those  who 
know  that  there  are  hollow  set  screws  on  the  market,  which  may 
be  set  below  the  surface  by  means  of  a  socket  wrench,  so  that 
they  do  not  project.  The  trouble  with  the  use  of  hollow  set 
screws  had  been  chiefly  due  to  their  mechanical  construction. 
The  first  of  these  screws  which  was  manufactured,  was  formed 
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Fig-  10.  Safety  Belt  Shlftere. 


Each  of  the  live  types  of  shifters  Illustrated  In  this  drawing  la  so  constructed  that  It  locks  automatically  In  both  positions.  This  prevents 
the  belt  creeping  from  looso  to  tight  pulley  and  catching  the  operator  unawares  when  ho  has  stopped  the  maehlno  for  adjustment  or  repairs; 
It  also  holds  the  belt  on  the  tight  pulley  in  such  a  way  that  It  can  be  readily  shifted,  doing  away  with  any  likelihood  of  the  operator  fasten¬ 
ing  the  belt  on  the  tight  pulley  In  such  a  manner  that  the  machine  cannot  be  quickly  stopped  when  necessary. 
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by  punching  or  pressing  in  dies,  and  the  point  was  so  thin  that 
it  would  “give”,  or  loosen  up,  so  that  it  could  not  he  used  in 
any  place  where  the  service  was  severe ;  it  had  a  hexagonal 
aperture,  and  in  trying  to  tighten  this  with  a  socket  wrench, 
the  screw  would  split  at  its  outer  corners,  and  expand  in  the 
hole,  so  that  it  had  to  be  drilled  out.  Many  people  who  opti¬ 
mistically  ordered  large  quantities  of  these  screws  and  placed 
them  in  service  thinking  they  had  solved  the  safety  problem  in 
this  particular  comiection,  soon  found  that  their  optimism  was 
unwarranted,  and  that  they  still  had  the  same  old  problem 
on  their  hands.  The  screws  were  so  unsatisfactory,  that  mill¬ 
wrights  and  mechanics  would  continually  replace  them  again 
with  the  projecting  type,  and  I  know  of  one  mill  superintendent 
who,  after  a  fruitless  endeavor  to  get  rid  of  the  projecting 
screws  in  this  manner,  finally  took  a  hammer  and  went  over 
his  plant  breaking  off  the  projecting  heads. 

A  couple  of  years  ago  a  second  screw  was  placed  on  the 
market,  similar  in  appearance,  but  machined  from  solid  stock; 
this  gave  it  a  better  point,  and  one  which  would  hold  well  if  it 
were  properly  seated,  but  the  same  difficulty  still  existed  as  re¬ 
gards  splitting  and  upsetting  in  the  hole,  as  it  had  the  same 
hexagonal  shaped  opening. 

A  third  type  of  hollow  screw  has  recently  been  brought  out, 
in  which  the  sides  that  are  in  contact  with  the  socket  wrench  are 
on  radial  axes,  so  that  there  is  no  tendency  to  expand  the  screw 
v.hen  it  is  forced  home.  This  construction  is  superior  to  either 
of  the  two  previously  mentioned,  and  can  be  used  in  many  loca 
tions  for  replacing  the  projecting  type  of  set  screw. 

It  is  not  possible,  however,  in  any  of  these  hollow  screws  to 
develop  the  same  strength  that  would  be  obtained  if  the  project¬ 
ing  type  were  used,  and  in  cases  where  the  service  is  particularly 
severe,  the  only  adequate  arrangement  that  has  been  brought  out 
so  far,  is  to  counter-sink  the  opening  so  that  a  projecting  type  of 
set  screw  can  be  used  with  a  socket  wrench,  and  its  head  kept 
beneath  the  surface;  this  usually  necessitates  the  application  of 
entirely  new  collars,  or  of  new  parts’  of  a  machine  where  the 
stock  is  not  thick  enough  to  allow  for  the  extra  counterbore 
around  the  head. 


This  shows  a  stoker  shaft  along  the  front  of  a  line  of  boilers.  In 
working  at  the  manholes  which  will  be  noted  near  the  top  of  the  picture, 
men  are  necessarily  brought'  in  close  proximity  with  the  revolving  shaft, 
so  this  has  been  enclosed.  The  protection  consists  of  a  slotted  pipe,  which 
is  slipped  over  the  shaft  from  the  top,  and  is  held  in  position  by  supports 
attached  to  the  bearing  at  each  end.  The  gauge  glass  is  provided  with  a 
revolving  guard  which  can  be  turned  so  as  to  protect  men  working  in 
this  vicinity,  but  in  its  normal  position  it  offers  no  obstruction  to  a  view 
of  the  water  level. 


Fig.  12.  Covered  Stoker  Driving  Shaft. 
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Ladders,  Walks,  Etc.:  There  are  many  other  classes  of 
equipment,  which  seem  simple  in  themselves,  and  which  do  not 
involve  the  use  of  power,  but  which  have  an  important  bearing 
on  the  accident  hazard  of  a  mill. 

One  of  these  is  in  connection  with  the  use  of  ladders;  Ger¬ 
man  statistics  show  that  almost  20  per  cent  of  the  industrial  ac¬ 
cidents  in  that  country  can  be  attributed  to  ladders  and  over¬ 
head  platforms,  etc. 

In  designing  a  new  building  it  is  often  possible  to  provide  a 
stairway,  which  men  can  ascend  and  descend  in  perfect  safety, 
instead  of  the  old  vertical  ladder  that  has  been  so  common  in  the 
past,  and  which  if  it  is  high  enough,  affords  the  possibility  of  a 
fatal  accident  every  time  a  man  goes  up  or  down  it. 

Where  there  is  not  room  for  a  stairway,  a  cage  can  usually 
be  placed  around  the  vertical  ladder,  in  such  a  manner  as  to 
largely  reduce  the  hazard  in  connection  with  its  use. 

Permanent  walks  and  platforms  may  be  installed  in  many 
cases  where  portable  ladders  are  commonly  used,  affording  a 
safe  and  convenient  place  for  men  to  do  such  work  as  oiling  over¬ 
head  shafting,  operating  valves,  etc. 

Where  portable  ladders  are  absolutely  necessary,  they  may 
be  fitted  with  spikes  or  safety  feet  at  the  lower  end,  which  will 
largely  reduce  the  danger  of  their  slipping  and  allowing  the 
ir.au  using  them  to  fall;  the  upper  end  may  be  provided  with 
hooks,  that  can  be  placed  over  a  shaft  or  other  support,  and 
form  a  positive  safeguard  against  the  upper  end  of  the  ladder 
swinging  out  of  position. 

It  would  be  an  easy  matter  to  continue  indefinitely  the  de¬ 
scription  of  various  types  of  safety  provisions  that  should  be 
considered  by  the  engineer,  particularly  from  the  standpoint  of 
new  construction.  To  carry  this  to  its  logical  conclusion,  how¬ 
ever,  would  result  in  a  volume  rather  than  an  article  of  reasonable 
length,  so  we  will  conclude  the  present  one  at  this  point. 

The  ideas  which  I  would  like  to  impress  upon  you  are: 

First:  The  necessity  for  the  standardization  of  safety  ap¬ 
pliances. 

Second  :  The  important  part  which  the  engineer  can  play  in 
bringing  about  this  standardization. 
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Third :  The  peculiarly  advantageous  position  of  the  engi¬ 
neer  for  securing  the  installation  of  safeguards  with  the  least 
possible  trouble  and  expense. 


SAFETY  SPECIFICATIONS,  CONSTRUCTION  AND  OPERATING 


RULES  FOR  VARIOUS  CLASSES  OF  EQUIPMENT 


In  presenting  the  following  specifications  and  rules,  etc., 
it  should  be  stated  that  they  represent  a  progressive  develop¬ 
ment  of  ideas  and  an  accumulation  of  data,  over  a  period  of 
several  years.  The  information  has  been  obtained  partly 
through  the  medium  of  the  Committee  of  Safety,  the  Board  of 
Engineers,  and  the  Steam  Engineers’  Committee  of  the  U.  S. 
Steel  Corporation ;  the  Association  of  Iron  &  Steel  Electrical 
Engineers ;  from  handbooks  issued  by  various  insurance  com¬ 
panies;  and  through  conferences  with  the  representatives  of 
various  manufacturers  of  equipment,  in  addition  to  our  own 
practical  experience. 

There  has  been  a  constant  growth  in  the  scope  of  these 
specifications,  as  new  safety  devices  were  perfected  or  new 
dangers  brought  to  light;  while  it  is  conceded  that  they  may 
not  be  complete  and  final  in  all  respects,  they  are  the  result 
cf  much  thought  and  effort,  and  are  presented  in  the  belief 
that  they  represent  the  best  data  on  safety  requirements  for 
the  various  types  of  equipment  covered,  now  available  in  this 
country,  and  that  they  may  be  advantageously  used  as  a  basis 
for  the  standardization  which  is  essential  to  the  successful 
prosecution  of  safety  work. 

In  considering  any  one  of  these  classes  of  equipment,  such 
as  boiler  plants  for  example,  the  safety  provisions  naturally 
fall  into  three  divisions : 

First :  A  set  of  specifications  covering  the  factor  of  safety 
and  general  construction  details,  etc.  of  the  boiler  proper,  which 
is  commonlv  contracted  for  with  an  outside  firm. 

t / 

Second:  A  set  of  construction  rules  for  the  guidance  of  the 
engineer  who  lays  out  the  plant,  with  its  piping,  walks,  stair¬ 
ways,  etc. 

%/  7 
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Third:  A  set  of  operating  instructions  giving  safety  rules 
to  be  observed  by  the  men  who  are  in  charge  of  a  plant  after 
it  has  been  put  into  service,  and  outlining  the  safety  conditions 
to  be  maintained. 

A  similar  division  can  be  logically  made  for  nearly  all  de¬ 
partments.  and  is  necessary  in  order  to  place  such  information 
in  form  for  practical  use.  It  will  be  noted  that  the  engineer, 
as  such,  is  interested  chiefly  in  the  first  two  divisions,  but  some 
of  the  operating  rules  will  also  be  included,  as  a  matter  of  add¬ 
ed  interest. 


SAFETY  SPECIFICATIONS  FOR  BOILERS 

Note :  All  legal  requirements  of  the  community  in  which  the 
boilers  operate  should  be  observed;  if  there  is  any  direct  conflict  be¬ 
tween  local  ordinances  and  the  following  specifications,  the  ordinances 
Anil,  of  course,  take  precedence. 

(1)  Factor  of  Safety :  Boilers  shall  be  so  designed  that  all  parts 
will  have  a  factor  of  safety  of  not  less  than  five,  when  operating  under 
the  specified  steam  pressure. 

(2)  Use  of  Cast  Iron:  Xo  cast  iron  shall  be  used  in  any  part 
of  a  boiler. 

(3)  Drums  and  Shells:  (a)  The  longitudinal  seams  of  cylin- 
drical  shells  shall  be  double  butt  strapped  joints,  with  pitch,  size  and 
arrangement  of  rivets  such  as  to  secure  a  safe  design  with  a  factor 
of  safety  of  not  less  than  five. 

(b)  All  rivet  holes  should  be  drilled,  with  the  sheets  bolted  in 
place,  and  the  plates  should  then  be  moved  apart  and  burr  on  edge  of 
holes  removed.  In  case  the  exigencies  of  the  construction  work  require 
the  punching  of  a  few  holes,  they  should  be  punched  at  least  Vg  in. 
smaller  than  the  diameter  of  the  rivet,  and  increased  to  full  size  by 
the  use  of  a  reamer.  The  proper  making  of  rivet  holes  in  boiler  plate 
is  of  special  importance,  and  the  purchaser  reserves  the  right  to  have 
an  inspector  present  while  this  Avork  is  being  done,  if  he  so  desires. 

(c)  The  heads  of  cylindrical  shells,  or  drums,  should  he  formed 
by  pressing  and  not  by  rolling  or  beating. 

(d)  A  “dry  plate’  should  be  placed  in  the  drum  under  the  steam 
nozzle  of  each  boiler  about  eight  inches  from  top  of  shell.  It  should  be 
attached  by  angle  irons,  riveted  to  the  interior  of  the  drum,  and  should 
extend  about  three  feet  on  each  side  of  the  steam  nozzle.  Steam  on  its 
way  to  the  nozzle  passes  around  ends  of  plate.  Perforated  pipes 
should  not  be  used  for  this  purpose. 

(e)  Manholes  in  tube  sheets  or  drum  sheets  should  be  reinforced 
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by  steel  rings  having  a  sectional  area  equal  to  the  sectional  area  of  the 
piece  removed  in  forming  the  opening,  measured  on  its  longest  axis. 

(/)  Manhole  covers  should  be  made  of  flanged  steel  or  annealed 
cast  steel. 

(g)  Pipe  connections  to  boiler  shells,  of  one  inch  or  under,  may 
be  connected  to  the  shell  plates  by  threads  cut  into  the  plate.  All  pipe 
connections  larger  than  one  inch  must  be  by  means  of  pressed  or  rolled 
steel  flanges,  or  annealed  steel  castings,  riveted  to  the  drum. 


Fig.  13.  Extension  Oil  Pipes  in  Wire  Mill  Basement. 

The  arrangement  of  these  pipes  makes  it  possible  to  oil  the  bearings 
without  coming  in  dangerous  proximity  to  the  machinery. 

(4)  Tubes :  In  water  tube  boilers  the  tubes  should  be  rolled 
and  belled  extending  not  to  exceed  3g  in.  into  the  water  space.  In 
fire  tube  boilers  the  tube  should  be  rolled  and  beaded. 

(5)  Boiler  Supports:  Boiler  supports  are  to  be  made  of  struc¬ 
tural  steel  in  all  cases  where  the  boiler  is  not  self-supporting  on  the 
foundation.  The  supports  for  water  tube  boilers  should  be  inde¬ 
pendent  of  the  brick  work  of  the  setting  so  far  as  the  movements  of 
either  boiler  or  setting  due  to  heating  are  concerned. 

o  o 
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Where  two  horizontal  water  tube  boilers  are  set  together  in  one 
battery,  continuous  girders  should  run  over  the  boilers  from  one  side 
of  the  battery  to  the  other,  to  which  the  boilers  are  suspended.  These 
girders  should  be  strong  enough  to  carry  the  boilers  without  having 
vertical  columns  set  in  the  division  wall  between  the  boilers,  East 
iron  brackets  on  boiler  shells  should  not  be  used. 

(6)  Boiler  Settings:  (a)  Boiler  settings  should  be  constructed 
with  full  consideration  for  the  requirements  in  preceding  paragraph 
on  supports,  so  that  the  boiler  structure  is  independent  of  the  brick¬ 
work.  so  far  as  possible. 

(b)  The  stays  of  the  settings  should  not  be  located  where  they 
are  subjected  to  a  temperature  of  over  600  deg.  This  result  may  be 
secured  by  observing  the  previous  suggestion  regarding  boiler  supports. 

(c)  It  is  particularly  important  in  the  case  of  boilers  having  large 
bottom  drums,  such  as  those  of  the  Stirling  type  to  keep  the  brick¬ 
work  around  the  windows  at  the  ends  of  these  drums  entirelv  free 

* 

from  contact  with  the  metal  surfaces.  These  windows  should  be  closed 
by  a  separate  tight  fitting  cast  iron  door,  attached  to  a  circular  casting 
which  is  properly  fitted  into  the  brick-work. 

( d )  There  should  be  one  or  more  explosion  doors  communicating 
with  the  last  pass  in  gas  fired  boilers,  fitted  into  the  wall  of  the  setting; 
the  seats  of  these  doors  should  be  set  at  such  an  angle  as  will  insure 
gravity  closure  of  the  doors,  while  at  the  same  time  they  are  free  to 
open  in  case  of  excessive  pressure  developing  in  the  setting. 

(e)  Boiler  fronts  must  be  securely  bolted  to  the  settings  in  such 
a  way  that  they  cannot  become  loose,  or  fall  down  when  the  brick-work 
is  removed. 

(7)  Safety  Valves:  (a)  At  least  two  spring  loaded  pop  safety 
valves  should  be  applied  to  each  boiler,  by  means  of  a  separate  steam 
nozzle  having  no  connection  or  possible  communication  with  any  other 
part  of  the  steam  system.  The  casing  surrounding  the  safety  valve 
spring  must  be  locked  in  such  a  manner  that  only  authorized  persons 
may  have  access  to  the  spring  for  inspection  or  adjustment.  A  testing 
lever  should  project  through  the  casing,  whereby  the  hand  lifting  of 
the  valve  from  its  seat  is  possible  at  the  time  of  its  periodic  inspection, 

( b )  Each  boiler  must  have  sufficient  safety  valve  capacity  to 
discharge  all  the  steam  the  boiler  will  produce  when  it  is  evaporating 
at  normal  capacity. 

(c)  The  maker  must  furnish  the  purchaser  with  information  giv¬ 
ing  the  capacity  of  valve  in  pounds  of  steam  which  it  will  discharge 
per  hour. 

(8)  Gauge  Glasses ,  Water  Columns,  Etc.:  (a)  Each  stationary 
boiler  must  be  equipped  with  an  approved  water  column,  fitted  up  in 
the  following  manner. 

( b )  Gauge  glass  valves  should  have  rod  connections,  by  means  of 
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which  they  can  be  readily  shut  off  from  boiler-room  floor  or  operating 
platform. 

They  must  be  so  designed  that  they  can  be  packed  under  pres¬ 
sure  and  arranged  to  give  a  full  opening  or  closing  movement  by 
pulling  operating  rods. 

The  use  of  automatic  valves  will  not  be  permitted. 

(c)  A  swivel  guard  should  be  provided  for  the  gauge  glass,  of  the 
revolving  shield  or  wire  netting  type.  This  gauge  guard  is  to  be 
capable  of  rotation  to  the  front  of  the  glass,  as  a  safety  precaution 
while  work  is  being  done  about  the  water  columns,  such  as  the  in- 


Fig.  14.  Guard  for  Large  Driving  Belts. 

This  is  a  rough-shaped  guard  made  of  steel  plates  and  angles,  and  is 
placed  underneath  one  of  the  main  cross  driving  belts.  It  is  intended  to  pro¬ 
tect  workmen  underneath,  in  case  a  belt  or  shaft  should  break.  The  guard 
is  carried  up  around  the  pulley  and  fastened  securely  to  the  ceiling  or 
overhead  beams  so  there  is  no  exposed  end  on  which  a  breaking  belt  might 
catch.  Within  the  last  month  (March,  1912)  there*  have  been  two  cases 
where  large  counter  shafts  carrying  heavy  pulleys  have  broken,  and  in 
both  cases  the  guard  underneath  held  the  pulley,  belt  and  counter  shaft, 
so  that  nothing  fell  to  the  floor.  In  at  least  one  of  these  instances,  this 
undoubtedly  prevented  serious  personal  injuries,  and  demonstarted  con¬ 
clusively  the  value  of  such  safeguards. 
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sertion  of  new  glasses,  packing  the  same,  etc.;  it  is  to  be  capable 
also  of  being  rotated  to  a  position  back  of  the  glass,  so  as  to  afford  an 
unobstructed  view  of  the  water  column,  when  in  normal  service. 

(d)  The  try-cocks  on  the  water  column  are  to  be  three  in  num¬ 
ber,  and  of  the  lever  type  exclusively;  they  should  be  connected  by 
rods  to  handles  readily  accessible  from  floor  or  operating  platform, 
as  is  most  convenient  for  manipulation  by  the  water  tender. 

(e)  Xo  valves  will  be  permitted  between  water  column  and  boiler, 
and  the  pipe  connection  of  the  water  column  to  the  boiler  shell  should 
be  by  means  of  steel  flanges  riveted  to  the  shells;  tapped  connections  in 
boiler  plates  for  the  support  of  water  columns  are  not  considered 
sufficiently  strong  for  the  purpose  intended. 

(/)  In  steam  and  water  connections  to  water  columns,  ells  should 
be  avoided ;  crosses  and  plugs  should  be  used  instead,  so  as  to  give 
ready  access  for  internal  cleaning  of  all  parts  of  the  water  column 
svstem. 

V 

(g)  Water  columns  in  horizontal  tubular  boilers  should  be  set 
so  that  the  difference  of  level  of  the  bottom  try-cock,  and  that  of  the 
level  of  top  row  of  tubes  is  not  less  than  three  inches.  Gauge  glasses 
should  be  so  set  that  the  lowest  visible  level  of  water  in  glass  will 
correspond  to  IV2  in.  level  of  water  over  the  tubes. 

( h )  Metallic  unions  of  the  “Kewanee”  type,  obviating  the  use 
of  any  soft  packing  material,  should  be  provided. 

(?)  Each  water  column  should  be  equipped  with  a  high  and  low 
water  alarm  whistle. 

(9)  Steam  Gauges’,  (a)  Each  boiler  should  have  an  individual 
steam  gauge,  attached  by  means  of  a  syphon  of  sufficient  capacity  to 
insure  the  gauge  tubes  being  kept  full  of  water. 

(10)  Inspection :  These  safety  features  shall  be  subject  to  the 
approval  of  the  American  Steel  &  Wire  Company’s  inspectors,  who 
shall  be  given  an  opportunity  to  inspect  boilers  at  any  time  requested. 

SAFETY  REQUIREMENTS  FOR  BOILER  PLANT  DESIGN 

Sole:  From  the  standpoint  of  safety,  water  tube  boilers  are  pref¬ 
erable,  and  should  be  used  unless  some  special  local  condition  makes 
return  tubular  boilers  desirable. 

( 1 )  Platforms,  Stairways  and  Lighting:  (a)  A  system  of  walks 
or  runways  should  be  erected  to  give  convenient  access  to  overhead 
valves,  water  columns,  etc.;  also  passages  from  boiler  to  boiler,  and 
suitable  platforms  at  individual  valves  from  which  they  can  be  safelv 
operated  or  repaired. 

(h)  Walks  and  platforms  should  be  well  lighted  and  free  from 
breaks  or  obstructions  which  might  interfere  with  their  use. 

(c)  They  should  be  equipped  with  hand  rails  not  less  than  .'1  ft.  3 
in.  high,  with  two  horizontal  members;  also  with  toe-boards,  or  strips, 
not  less  than  four  inches  high,  or  better  still,  the  space  between  floor 
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of  walk  and  intermediate  railing  may  be  covered  with  sheet  steel  or 
woven  steel  fabric. 

( d )  Walks  and  stairways  should  be  of  suitable  steel  construction, 
checkered  steel  plate  being  used  for  flooring, — except  in  the  vicinity 
of  water  columns,  where  it  may  be  advisable  to  use  woven  steel  fabric 
in  order  to  provide  for  the  examination  of  the  water  column  from  the 
boiler  room  floor.  Checkered  steel  plate  should  be  not  less  than  pC-  in. 
thick,  and  it  must  be  perforated  with  holes  not  larger  than  in. 


Fig.  15.  Guarded  Rope  Drive. 

Where  rope  drives  are  used  there  is  danger  of  a  breaking  rope  causing 
a  wreck  on  account  of  one  end  winding  around  the  shaft,  and  the  other 
becoming  entangled  in  adjacent  machinery.  The  guards  shown  in  this 
picture  (which  was  taken  in  one  of  the  National  Tube  Company  Mills) 
have  a  curved  plate  (B)  to  prevent  ropes  whipping  around  edge  of  guard, 
and  the  enclosure  is  made  up  in  sections  which  can  be  readily  removed 
when  making  repairs. 
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spaced  about  12  in.  centers,  for  drainage.  Where  steel  fabric  is  used 
it  should  be  of  not  less  than  No.  9  wire,  and  not  larger  than  %  in. 
mesh. 

(e)  Wherever  possible,  railed  stairways  are  to  be  used  in  prefer¬ 
ence  to  ladders. 

(/)  Means  of  access  should  be  provided  for  overhead  walks  at 
both  ends  of  each  line  of  boilers;  and  in  large  plants,  one  or  two 
intermediate  stairways  are  desirable. 

( g )  It  is  very  desirable  to  have  incandescent  red  lamps  sus¬ 
pended  near  important  cut-off  valves  or  branches  from  steam  mains 
or  headers,  thus  favoring  ready  access  to  same  in  case  of  emergency. 

( li )  A  protected  light,  preferably  an  incandescent  lamp,  should 
be  suspended  near  each  water  column. 

(?)  Special  attention  should  be  given  to  securing  good  illumina¬ 
tion  throughout  the  boiler  house.  Unless  the  illumination  is  exception¬ 
ally  good,  it  is  advisable  to  have  at  least  one  light  at  each  of  the 
stairways  leading  to  overhead  platforms,  particularly  at  the  upper  end 
of  the  main  stairways. 

(2)  Steam  Pipe  Expansion :  Systems  of  steam  piping  should  be 
laid  out  with  great  care  to  avoid  danger  from  expansion  and  con¬ 
traction.  The  expansion  should  preferably  be  taken  care  of  by  loops 
or  bends,  and  if  necessary,  by  expansion  joints.  In  all  cases  the 
anchorage  of  the  piping  is  just  as  important  as  the  loops  or  bends. 
The  pipe  system  should  be  anchored  at  certain  points  in  such  a  way 
that  these  points  will  be  absolutely  fixed,  and  that  the  expansion  will 
be  away  from  the  points  of  anchorage,  toward  a  loop,  bend  or  expan¬ 
sion  joint. 

It  is  particularly  necessary  to  see  that  this  expansion  does  not 
throw  any  undue  strain  on  any  part  of  the  piping  system,  or  on  the 
steam  chests  of  engine  cylinders,  etc.,  to  which  the  pipes  are  connected. 

(3)  Steam  Mains  and  Connections :  («)  Steam  headers  receiv¬ 

ing  the  steam  from  several  boilers  should  be  placed  at  a  sufficient 
distance  from  the  nozzles  of  the  boilers  to  permit  the  use  of  “goose 
neck"  connections,  capable  of  considerable  expansion  without  introduc¬ 
ing  dangerous  stresses  on  flanges  or  nozzles.  A  straight  connection 
from  the  boiler  nozzzle  to  the  steam  header  is  to  be  avoided  at  all 
times.  “Goose  neck”  connections  to  the  side  of  a  header  may  be  used, 
but  the  top  connection  (that  is,  connection  on  header,  vertical)  is  pre¬ 
ferred.  Connection  to  bottom  of  header  is  a  dangerous  construction, 
and  should  not  be  used. 

(h)  Pressed  or  rolled  steel  flanges  are  preferred,  but  for  10  in. 
or  under,  cast  steel  may  be  used  if  the  conditions  make  it  seem  ad¬ 
visable.  Sections  of  pipe  thus  fitted,  should  not  be  bolted  in  place 
until  the  companion  faces  of  the  flanges  are  machined  true  planes  and 
parallel.  Flanges  should  “match"  properly  without  the  necessity  of 
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springing'  the  pipe  into  place.  If  the  pipe  section  does  not  tit  int<v 
the  system  properly,  fit  the  section  and  flanges  to  a  prepared  templet,, 
when  making  the  necessary  alteration  of  form. 

( c )  It  is  not  necessary  to  corrugate  the  face  of  the  flanges,  but 
they  should  be  turned  true  planes,  ('orrugated  metallic  gaskets  have- 
proven  very  satisfactory,  of  steel,  monel  metal  or  copper,  the  preference 
being  in  the  order  named.  Where  there  is  water  in  the  steam,  asbestos 
gaskets  or  corrugated  copper  with  asbestos  between  have  not  proven 


Fig.  16.  Automatic  Stops. 

This  shows  a  series  of  revolving  blocks  or  drums  on  which  wire  is 
drawn;  each  one  of  the  vertical  ropes  is  connected  up  so  that  if  a  man 
should  be  caught  on  a  block  and  carried  around  it,  his  body  would  strike 
the  rope  and  automatically  stop  the  block.  Small  pear  shaped  push  buttons 
will  be  noted  suspended  in  a  line  over  the  blocks,  by  which  the  engine 
driving  the  entire  department  can  be  stopped:  each  of  these  buttons  is 
marked  with  a  small  enameled  sign,  and  a  blue  light  which  burns  con¬ 
stantly. 
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satisfactory,  K  libber,  under  these  conditions,  will  give  better  results 
than  asbestos. 

( d )  Drain  pipes  should  be  connected  to  the  several  “goose  necks” 
at  the  proper  place  to  prevent  pocketing  of  water  when  valve  is  shut ; 
these  should  lead  to  receivers  or  traps  for  the  automatic  removal  of 
water  that  may  collect  and  the  outlets  should  be  so  placed  that  water 
cannot  return  through  the  drain  pipes.  A  check  valve  should  be  set 
in  each  drain  pipe  to  prevent  the  backward  flow  of  steam  when  t lie- 
boiler  is  out  of  service. 

( e )  Where  main  lines  branch,  or  a  distributing  pipe  leads  <>tV 
from  the  main  line,  a  valve  should  be  placed  in  same  close  to  the  con¬ 
nection,  so  that  the  branch  line  can  be  shut  off  independently. 

(4)  Stop  Valves:  («)  A  gate  stop  valve  of  approved  construc¬ 
tion  should  be  set  at  the  outer  extremity  of  the  “goose  neck”  con¬ 
nection  to  the  boiler,  and  as  near  the  steam  header  as  possible.  In 
all  cases  the  valve  stem  should  have  its  threads  outside  of  the  valve¬ 
casing. 

( b )  A  non-return  valve  of  the  triple  acting  type  should  be  pro¬ 
vided  for  each  boiler;  this  should  be  set  in  the  “goose  neck”  con¬ 
nection,  as  near  to  the  boiler  nozzle  as  practicable. 

(c)  Where  a  pilot  valve  is  used  in  connection  with  non-return 
valve,  it  should  be  connected  up  so  that  it  can  be  readily  tested,  to 
make  sure  that  it  is  in  satisfactory  operating  condition. 

(5)  Safety  Valve  Connections :  (a)  Each  safety  valve  should 

have  a  vertical  escape  pipe,  with  an  outlet  through  the  roof  of  the 
boiler  house,  wherever  practicable.  Horizontal  escape  pipes  from 
safety  valves  are  to  be  avoided  in  all  cases,  as  they  produce  an  un¬ 
desirable  and  frequently  dangerous  thrust  on  the  boiler  nozzle  when  a 
voilent  escape  of  steam  occurs. 

( b )  Drain  pipes  should  be  attached  to  escape  pipes  from  safety 
valves,  as  near  as  possible  to  the  valve  proper.  These  drains  should 
be  open  connections  to  ash  pit  or  sewer. 

(6)  Water  Column  Connections:  Each  water  column  should  be 
provided  with  a  drain  connection  having  an  open  end  in  the  ash  pit ; 
the  pipe  used  for  this  connection  should  be  of  sufficient  size  to  permit 
any  foreign  material  that  may  enter  the  column  being  blown  out,  say 
*/4  in.  to  one  inch  diameter. 

(7)  Blow-Off  Piping:  (a)  Where  the  blow-off  branch  pipes  are 
so  located  as  to  be  exposed  to  the  hot  products  of  combustion,  they 
should  be  protected  by  fire  brick  piers.  A  sufficient  space  for  the  in¬ 
spection  of  all  parts  of  the  blow-olf  connection  should  be  provided,  and 
contact  of  these  connections  with  brick-work,  flue  dust,  or  other 
moisture  collecting  material,  is  to  be  avoided. 

(b)  Blow-off  valves  should  be  attached  in  pairs  to  each  blow-off 
pipe.  The  valve  next  to  the  boiler  should  be  a  gate  valve  Or  straight- 
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way  cock,  the  one  connecting  the  branch  to  the  main  blow-off  line 
should  be  a  regular  boiler  blow-off  valve.  The  use  of  a  short  drain 
pipe  or  a  try-cock,  attached  to  the  bottom  of  blow-off  branch  between 
these  valves  is  suggested,  for  locating  leaks. 

( c )  Blow-off  headers  should  be  laid  in  a  concrete  trench  with  T- 
connections  to  the  branches.  The  pipe  should  be  free  to  expand,  bends 
or  loops  being  used  if  necessary  to  prevent  excessive  strain  when  it 
becomes  heated. 


Fig.  17.  Protection  for  Callender  Machine. 

If  a  man  should  be  caught  in  the  heavy  rolls  shown  in  this  picture,  a 
slight  pressure  on  the  rope  which  the  operator  is  grasping  with  his  left 
hand,  will  pull  out  the  switch  and  instantly  stop  the  machine. 

(d)  Steel  pipe  is  preferred  for  blow-off  system,  but  where  local 
conditions  warrent,  cast  iron  pipe  may  be  used,  provided  it  has  un¬ 
obstructed  openings  to  the  sump  or  sewer. 

( e )  *  Main  blow-off  line  should  discharge  into  a  covered  sump 
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having  vapor  pipe  and  connection  to  sewer;  the  arrangement  should  be 
such  that  end  of  blow-off  pipe  in  sump  can  be  readily  inspected. 

( 8 )  Feed  Water  Piping:  Each  boiler  should  be  fitted  with  the 
following  feed  pipe  system : 

(a)  A  stop  valve  near  the  main  pipe  line,  if  the  boiler  is  one  of  a 
battery,  or  near  the  feed  pump  in  case  of  an  isolated  boiler. 

(b)  A  feed  controlling  valve  of  approved  type.  (See  further 
recommendations  regarding  feed  control.) 

(c)  A  suitable  form  of  check  valve  closing  with  any  backward 
movement  of  the  water  from  the  boiler. 

( d )  A  suitable,  strong,  valve  with  rising  stem,  between  the  check 
valve  and  the  boiler. 

(e)  It  is  strongly  advised  that  feed  pipe  attachments  to  the  shell 
or  drums  shall  be  by  means  of  steel  flanges  riveted  to  the  plates. 

(/)  The  feed  pipe  should  deliver  the  water  very  considerably 
below  the  lowest  water  level  of  the  boiler.  The  feed  water  should  be 
discharged  in  such  a  place  in  the  drum  that  it  does  not  come  in  imme¬ 
diate  contact  with  drum  sheets  exposed  to  high  furnace  temperature. 

(9)  Feed  Water  Pumps:  (a)  Each  boiler  plant  consisting  of 
more  than  one  boiler  should  be  provided  with  feed  pumps  in  dupli¬ 
cate,  preferably  of  the  outside  packed  plunger  type.  For  a  single 
boiler  the  feeding  device  may  consist  of  one  steam  pump  and  one 
steam  injector,  or  of  two  steam  injectors. 

(b)  Feed  pumps  should  be  so  located  with  reference  to  the  lowest 
level  of  water  in  feed  water  heaters,  that  there  will  be  sufficient  head 
on  the  inlet  valves  of  pumps  at  all  times,  to  overcome  the  frictional 
resistance  of  the  valves,  to  provide  the  necessary  velocity  of  flow  to 
the  pump,  and  to  overcome  the  vapor  pressure  due  to  the  temperature 
of  feed  water  in  the  pump  chambers. 

(c)  Soft  rubber  valves  should  not  be  used  in  any  case  except  for 
undesirable  conditions  of  low  temperature  of  water  going  to  the 
boilers.  Valves  for  feed  pumps  should  be  either  metallic  valves,  or  a 
type  of  hard  rubber,  or  fibre, — capable  of  withstanding  disintegration 
under  the  high  temperatures  which  will  exist. 

{d)  The  feed  pipe  system  should  be  protected  bv  a  relief  valve, 
possibly  assisted  by  an  air  chamber  to  prevent  excessive  pressure  or 
shocks  in  case  the  water  is  delivered  to  the  boilers  through  economizers. 

(e)  It  is  advisable  to  equip  the  feed  pumps  with  governors  which 
will  maintain  a  pressure  in  the  feed  pipe,  a  constant  number  of  pounds 
above  the  steam  pressure.  These  pump  governors  are  known  as  *‘( 'ou¬ 
st  ant  Excess  Governors”. 

(/)  Where  it  is  at  all  possible,  there  should  be  two  sources  of 
water  supply  to  the  feed  water  pumps.  In  many  plants  this  is  pos¬ 
sible  by  connecting  up  with  a  city  water  line,  or  by  connecting  to  the 
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regular  service  system  of  the  works  when  the  heater  is  ordinarily  sup¬ 
plied  by  an  independent  pump  with  hot  well  water. 

(10)  Feed  Water  Heaters :  (a)  The  over-flow  pipe  and  the 

steam  escape  pipe  should  be  of  ample  size,  and  so  located  that  they  will 
always  be  free  and  unobstructed. 

( b )  If  a  balanced  valve  is  ever  used  in  the  steam  escape  pipe  to 
divert  part  of  the  steam  to  a  heating  system,  its  use  should  be  attended 
with  the  greatest  care,  and  only  by  an  experienced  engineer.  Under 
these  conditions  it  is  advisable  to  have  the  heater  equipped  with  a 
mercury  column,  or  better  still,  a  low  pressure  recording  gauge,  so  that 
the  pressure  maintained  in  the  heater  by  means  of  the  balanced  valve 
will  always  be  known. 

(c)  Every  effort  should  be  made  to  prevent  lubricating  6il  enter¬ 
ing  boilers  with  feed  water.  Especial  care  should  be  used  in  plants 
with  surface  condensers,  cooling  towers  and  return  tubular  boilers. 


Fig.  18.  Guarded  Railroad  Switches 

As  will  be  noted,  the  guard  consists  of  a  rolled  section  that  fills  the 
space  between  head  and  flange  of  rail,  so  that  a  foot  cannot  be  caught 
in  this  space. 
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( 11 )  Feed  Water  Regulators :  (a)  The  use  of  l‘ee«l  water  regu¬ 

lators  is  suggested  wherever  they  will  he  of  advantage  or  assistance 
to  the  water  tender  in  maintaining  the  water  level  in  boilers.  In  some 
boiler  plants  having  but’  one  water  tender,  the  boilers  are  located  in 
two  rows  facing  each  other,  sometimes  with  a  coal  pile  between;  in 
other  plants  the  boilers  are  in  a  long  row;  in  other  plants  the  water 
•columns  are  on  two  different  levels,  etc.  Under  such  conditions  the 
regulation  of  the  water  level  is  sometimes  partly  attended  to  by  the 
firemen,  especially  if  the  water  tender  has  his  attention  temporarily 
taken  up  in  correcting  some  trouble  that  exists. 

( b )  Under  any  of  the  above  conditions,  or  in  similar  conditions 
which  may  occur  in  various  combinations,  the  use  of  feed  water  regu¬ 
lators  is  recommended.  Their  use  is  not  suggested  for  the  purpose 
of  fuel  economy,  or  to  effect  labor  saving  by  dispensing  with  water 
tenders,  but  only  for  the  purpose  of  supplementing  the  work  of  the 
water  tender,  to  relieve  him  of  the  detail  of  valve  manipulation,  thus 
•enabling  him  to  give  closer  supervision  to  tire  maintenance  of  the 
proper  water  level  in  all  boilers. 

(c)  Wherever  water  regulators  are  used,  they  should  be  accom¬ 
panied  by  the  use  of  governors  on  the  boiler  feed  pumps,  the  Constant 
Excess  Governor  mentioned  above  being  preferred. 

(12)  Damper  Regulators:  (a)  Where  damper  regulators  and 
non-return  valves  are  both  used,  great  care  must  be  exercised  in  locat¬ 
ing  the  steam  connection  of  the  regulator  to  the  main  steam  system. 
If  this  steam  connection  is  made  in  the  main  steam  system,  and  a 
break  occurs  in  this  system,  the  steam  pressure  will  fall,  closing  the 
non-return  valves  and  also  opening  the  damper  regulator,  thus  putting 
full  draft  on  boilers  with  the  main  valves  closed. 

(b)  To  avoid  this,  the  connection  for  the  damper  regulators 
should  be  made  to  several  boilers,  between  the  non-return  valve  and  the 
boiler. 

(13)  X umbering  Boilers:  (a)  Each  boiler  should  be  fitted  with 
at  least  three  number  plates  (each  having  the  same  number)  as  fol¬ 
lows  : 

(b)  One  on  the  front  of  the  boiler:  one  on  the  rear  of  the  boiler: 
one  on  the  pipe  system  between  the  boiler  steam  nozzle  and  the  header, 
in  such  a  position  that  it  can  be  readily  seen  from  the  walk  or  plat¬ 
form  over  the  top  of  the  boiler  setting. 

(e)  The  two  number  plates  placed  on  the  boiler  proper  should 
be  prefereably  of  enameled  steel,  with  white  letters  on  a  blue  back¬ 
ground.  For  marking  the  valves,  however,  heavy  sheet  metal  plates 
with  perforated  numbers  are  recommended,  so  that  the  valves  could  be 
readily  distinguished  by  touch  in  case  of  emergency,  such  as  lights 
going  out,  etc. 

(11)  Stokers,  Coal  and  Ash  Handling  Machinerg,  Etc.:  (</) 
All  gearing  for  stokers,  coal  and  ash  handling  machinery,  etc.,  must 


156  PROCEEDINGS  ENGINEERS  ’  SOCIETY  WESTERN  PENNA. 


be  completely  enclosed  with  substantial  cast  iron  or  sheet  metal  covers,, 
so  designed  as  to  be  readily  detachable. 

(b)  All  couplings,  set  screws,  keys,  bolts,  etc.,  in  moving  parts 
must  be  covered,  or  counter-sunk  in  such  a  way  as  to  eliminate  danger 
of  accident.  Unused  portions  of  key  ways  should  be  filled  so  as  to 
]) resent  a  smooth  surface. 

SAFETY  RULES  FOR  BOILER  OPERATION 

( 1 )  The  Care  of  Safety  Valves:  (a)  All  safety  valves  on 
boilers  in  regular  service  should  be  tried  at  least  once  every  24  hours, 
by  easing  them  gently  from  their  seats.  This  should  be  followed 
regularly  to  insure  the  valve  always  being  free  to  operate. 


Fig.  19.  Cast  Iron  Blocking  for  Frogs  and  Guard  Rails  of 

Railroad  Tracks. 


(b)  The  springs  of  safety  valves  become  gradually  weaker  with 
use.  In  order  to  make  a  weakened  spring  continue  to  resist  the  pres¬ 
sure,  its  compression  must  be  increased,  which  reduces  the  pitch  of  the 
spring  and  the  lift  of  the  valve.  Therefore,  a  record  should  be  kept 
of  the  valve  lift  at  its  rated  capacity,  and  all  valves  should  be  gone 
over  at  least  once  per  year  to  make  sure  that  approximately  the 
original  lift  is  still  obtained. 
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(£)  T Voter  Columns  ami  Try-Cocks',  (a)  Water  columns  shall 
be  blown  out  perfectly  at  least  twice  every  twelve  hours.  If  a  gauge 
glass  is  fouled  internally  so  that  the  water  level  is  not  clear,  the  glass 
should  be  cleaned  or  replaced  as  soon  as  possible.  If  the  fouling  of 
the  gauge  glasses  occurs  frequently,  it  is  due  to  some  characteristic  of 
the  water  such  as  suspended  matter,  scale  solvents,  lubricating  oils, 
etc.,  for  which  a  remedy  should  be  found.  A  gauge  glass  is.  of  little 
value  unless  the  water  level  can  be  seen  clearly  and  at  some  distance 
from  the  boiler. 

( b )  High  and  low  water  alarm  whistle  must  be  always  kept  in 
good  working  order. 

(c)  When  “warming  up"  a  new  gauge  glass,  or  doing  any  work 
in  such  a  location  that  a  breaking  glass  might  cause  injury,  the  gauge 
glass  guard  should  always  be  turned  so  it  will  afford  protection,  being 
returned  to  its  former  position  as  soon  as  the  work  has  been  com¬ 
pleted. 

( d )  Try-cocks  shall  be  used  at  least  twice  every  twelve  hours.  It 
is  important  that  these  cocks  be  kept  in  good  condition,  and  their 
regular  use  is  necessary  to  insure  this  being  done. 

(5)  Steam  Gauges :  All  steam  gauges  should  be  kept  in  good 
condition  so  that  the  pressure  indicated  will  be  approximately  correct. 
They  should  be  tested  with  a  weight  testing  machine  at  sufficiently 
frequent  intervals  to  insure  a  reasonable  degree  of  accuracy  being 
maintained. 

(4)  Stop  Valve  Stems:  (a)  Rising  stems  of  valves  should 
not  be  permitted  to  become  rusty  or  covered  with  dirt  so  that  they 
cannot  be  readily  moved  to  the  full  extent  of  their  travel.  A  periodic 
inspection  of  all  valves,  stems,  etc.,  in  all  the  main  piping  systems 
about  the  boiler  house  should  be  carried  out  at  intervals  of  not  more 
than  once  a  month.  Too  much  importance  cannot  be  attached  to 
keeping  the  valves  in  such  condition  that  they  are  always  ready  for  use. 

( b )  Great  care  should  be  exercised  in  using  a  wrench  or  bar  in 
opening  or  closing  a  valve.  The  abuse  of  this  means  of  facilitating 
the  handling  of  valves  may  result  in  damage  to  seats,  threads,  stems, 
etc.,  and  under  some  circumstances  may  bring  about  dangerous  con¬ 
ditions. 

(5)  Leaks  in  Steam  Pipe  Systems  ami  Other  Parts  Under  Pres- 

sure :  (a)  If  for  any  reason,  such  as  blowing  out  of  gaskets,  vibra¬ 

tion,  overstraining  of  pipes,  or  general  deterioration,  the  joints  of 
steam  pipes  develop  objectionable  leaks,  the  application  of  wrenches 
to  bolts  of  such  joints  while  under  steam  pressure,  should  be  absolutely 
prohibited.  If  the  joints  are  to  be  repaired,  it  should  be  done  after  the  * 
pressure  has  been  removed  from  the  particular  section  where  the 
trouble  occurs,  by  closing  the  proper  valves.  This  precaution  should 
be  observed  particularly  with  reference  to  bolts  holding  the  tube  caps. 
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(b)  If  the  tubes  of  a  tire  tube  boiler  develop  leaks  at  the  tube 
sheet,  expanders  should  not  be  applied  to  the  ends  of  the  tubes  while 
the  boiler  is  under  steam  pressure. 

(c)  ]f  a  leak  develops  at  any  part  of  the  sections  of  a  boiler, 
whether  in  the  cast  steel  headers  to  which  the  tubes  are  attached,  or  at 
a  riveted  joint,  the  use  of  a  calking  tool  to  stop  this  leak  while  the 
structure  is  under  steam  pressure  should  be  prohibited.  This  applies 
to  rivets  as  well  as  plates,  and  all  such  repairs  should  be  made  after 
the  steam  pressure  has  been  taken  off  the  boiler. 

(d)  If  a  leak  develops  at  a  hand-hole  plate  or  around  the  tube 
caps  of  water  tube  boilers,  same  should  not  be  stopped  by  tightening 
up  the  bolts  while  steam  pressure  is  on  the  boiler. 


Fig.  20.  Ingot  Mould  Cars  Equipped  With  Automatic  Couplers. 

The  coupling  pin  enters  from  the  bottom  of  the  link,  and  is  controlled 
by  lever  shown  at  lower  left  hand  corner  of  car.  This  lever  is  so  located 
that  it  is  protected  from  molten  metal  which  may  be  spilled  when  ingots 
are  being  poured,  and  at  the  same  time  can  be  reached  conveniently  by 
trainmen. 

( e )  If  a  leak  develops  at  a  manhole  cover,  it  should  not  be  re¬ 
paired  while  the  boiler  is  under  steam,  by  tightening  the  bolts  in  the 
yoke. 

(d)  Opening  Steam  Piping,  or  Turning  Steam  into  Empty  Pipe 
Sections :  (a)  Before  breaking  any  steam  pipe  joints  to  make  re¬ 

pairs.  renew  gaskets,  etc.,  the  dead  section  should  be  well  drained,  to 
avoid  danger  of  scalding  by  steam  or  water  remaining  in  the  pipe. 

(b)  Steam  should  always  be  admitted  to  empty  piping  very 
slowly. 

(c)  If  a  portion  of  piping  has  remained  unused  for  an  hour 
or  more,  it  is  important  that  a  complete  drainage  of  such  idle  pipe 
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system  has  been  seemed,  previous  to  turning  steam  into  it.  This  pre¬ 
caution  should  be  in  addition  to  that  ordinarily  provided  by  the  use 
of  steam  separators,  which  are  usually  located  near  the  engines. 

(7)  Starting  Fires  in  a  Cold  Boiler  Setting :  If  a  boiler  has 
been  out  of  use  for  a  time  sufficient  to  permit  all  parts  of  the  setting 
to  become  cold,  or  if  it  is  a  new  boiler  just  being  put  into  service,  (in 
either  case  the  boiler  being  one  of  a  battery,  a  part  of  which  is  in 
service)  the  following  method  of  procedure  is  advised,  assuming  that 
the  equipment  is  complete  as  outlined. 

(a)  Make  sure  that  all  workmen  are  out  of  the  boiler  and  setting, 
and  that  all  manhole  covers  or  other  parts  are  properly  in  place. 

( b) ~  See  that  the  stop  valve  between  the  “goose  neck’*  and  header 
is  tight,  and  that  the  drain  pipes  in  the  “goose  neck”  are  open;  also 
that  the  drain  valve  underneath  the  non-return  valve,  if  such  is  in  use, 
is  open,  and  that  the  connection  to  the  steam  gauge  is  open  and  in 

good  condition. 

(c)  Open  the  feed  valve  and  fill  the  boiler  gradually,  until  the 
water  level  stands  between  the  first  and  second  gauges  of  the  water 

column. 

( d )  Start  a  very  light  wood  fire  in  the  furnace  and  have  the 
stack  damper  practically  closed.  The  escape  of  smoke  under  such 
conditions  from  the  setting  will  indicate  any  air  leaks,  unclosed  doors, 
or  other  defects  which  are  undesirable  when  a  boiler  is  in  service.  If 
any  such  leaks  are  observed  they  should  be  corrected  before  proceed¬ 
ing  further.  (In  case  of  a  new  boiler,  or  a  boiler  with  new  brick-work 
in  the  furnace,  this  preliminary  heating  should  be  continued  for  a  day 
or  two  if  possible  before  anything  more  is  done.) 

(e)  Continue  the  firing,  with  gradual  addition  of  coal,  the  dam¬ 
per  being  adjusted  to  the  requirements  until  all  air  is  driven  from  the 
boiler  and  steam  is  escaping  from  the  drain  pipe  of  the  water  column; 
or  from  any  other  small  pipe  connection  in  the  boiler  which  is  open. 

(/)  In  a  period  of  at  least  two  hours,  the  steam  pressure  in  the 
boiler  should  be  brought  up  practically  to  that  of  the  pressure  in 
header  (though,  as  stated  above,  if  the  boilers  are  new,  a  much  longer 
time  should  be  taken). 

(g)  While  steam  pressure  is  rising  in  the  boiler,  the  gate  valve 
between  the  boiler  and  the  steam  main  should  be  slowly  opened.  This 
leaves  the  boiler  still  shut  off  from  the  main  by  the  non-return  valve. 
AVhen  the  pressure  on  the  boiler  has  risen  to  the  required  pressure, 
the  non-return  valve  will  open,  automatically  placing  the  boiler  in 
connection  with  the  main  steam  system. 

(h)  Before  commencing  heavy  firing,  corresponding  to  the  service 
in  the  remainder  of  the  batterv,  lift  the  lever  on  the  safety  valve  to  see 
that  it  is  free  to  act  and  observe  at  the  earliest  opportunity  whether 
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this  valve  lifts  at  the  allowed  pressure  of  the  boiler,  or  under  that 
pressure. 

(?)  At  this  time  the  stop  valve  in  the  feed  water  pipe  near  the 
feed  main  of  the  boiler  house  should  be  wide  open,  also  the  stop  valve 
between  the  check  valve  and  the  boiler;  the  feed  controlling  valve 
should  be  adjusted  by  the  water  tender  to  an  opening  such  as  will 
provide  the  required  water  delivery. 

(5)  Checking  Fires:  (a)  The  practice  of  checking  fires  by 
opening  fire  doors,  so  as  to  permit  an  inrush  of  great  quantities  of  cold 
air  into  the  boiler  setting  and  stack,  is  bad  from  an  economic  stand- 


Fig.  21.  Walks  and  Runways  in  Boiler  House. 

It  is  especially  important  that  convenient  access  be  given  to  all  valves 
in  boiler  houses.  The  plant  illustrated  in  this  picture  is  equipped  with 
“non-return  valves’’  in  the  connection  from  boiler  to  header,  which  auto¬ 
matically  shut  off  the  steam  in  case  of  explosion.  A  thorough  system  of 
walks  and  platforms  is  provided,  with  stairways  to  same  at  each  end 
of  the  plant. 
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point,  and  is  attended  by  more  or  less  danger,  due  to  the  rapid  change 
of  temperature  of  the  boiler  and  setting  structure. 

( b )  As  an  alternative  to  this,  it  is  strongly  advised  that  so  far 
as  is  at  all  possible,  fires  should  be  checked  by  means  of  the  dampers, 
thus  interrupting  the  flow  of  hot  gases  from  the  boiler  setting. 

(9)  Blowing  Out  Boilers :  (a)  The  bottom  blow-off  in  boilers 
should  be  used  at  least  once  every  12  hours,  the  valves  in  the  blow-off 
connections  being  left  open  for  a  period  of  from  one-half  to  one  and 
a  half  minutes,  in  accordance  with  the  character  of  the  feed  water 
supply.  If  the  water  is  badly  contaminated  by  scale  forming  material, 
the  longer  period  for  blow  off  is  recommended.  If  feed  water  which 
has  been  treated  in  water  purifying  plants  is  used,  it  may  be  advisable 
to  blow  off  a  longer  time  and  more  frequently.  A  feed  water  supply 
consisting  of  the  hot  well  discharge  from  surface  condensers,  or  ex¬ 
ceptionally  good  natural  water,  may  permit  of  shorter  periods  for 
blow-off  and  less  frequently,  but  such  favorable  conditions  are  not 
the  rule. 

( b )  Blow-off  cocks  should  be  opened  slowly,  so  as  to  avoid  “water- 
hammer”  which  may  burst  the  piping  or  connections. 

(c)  When  a  boiler  is  to  be  emptied,  it  should  not  be  done  until 
the  setting  has  cooled. 

(10)  Laying  Off  Boilers :  When  a  boiler  is  to  be  taken  out  of 
service  for  cleaning,  etc.,  the  following  procedure  should  be  observed. 

.  (u)  Check  the  dampers  and  allow  the  fires  to  burn  out,  at  which 
time  the  non-return  valve  will  be  seated;  also  close  the  gate  valves  in 
the  branch  next  to  the  header,  and  open  the  drains  in  the  “goose  neck”. 

(b)  Shut  off  the  stop  valves  in  the  feed  system. 

(c)  Open  the  dampers  wide  and  allow  the  steam  pressure  to 
fall,  as  a  result  of  the  heat  absorbed  by  the  air  passing  through  the 
setting  and  boiler  into  the  stack. 

( d )  After  the  boiler  is  cooled,  the  blow-off  valve  may  be  opened 
and  the  water  allowed  to  flow  out  of  the  boiler. 

(11)  Cleaning  Boilers:  (a)  Preparatory  to  cleaning  or  inspect¬ 
ing  a  boiler,  and  as  soon  as  it  has  been  taken  off  the  line,  the  follow¬ 
ing  precautions  should  be  observed : 

1.  Lock  the  stop  valve  in  the  “goose  neck”  next  to  the  header, 
so  that  it  cannot  be  moved  except  by  the  man  in  charge  of  subse¬ 
quent  operations;  he  must  keep  this  key  in  his  possession,  as  well 
as  the  keys  for  the  other  locks  mentioned  in  the  succeeding  para¬ 
graphs. 

2.  The  blow-off  valves  should  be  closed  and  one  of  them 
locked  in  position,  in  such  a  way  that  it  is  impossible  to  open 
this  valve,  except  by  using  the  key. 

3.  Similarly,  lock  the  stop  valve  in  the  feed  pipe  next  to 
the  feed  header. 
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4.  Place  on  the  stop  valve  handle,  on  the  blow-off  valve,  and 
on  the  feed  stop  valve,  durable  and  legible  signs,  with  the  follow¬ 
ing  wording:  “MAN  INSIDE,  DO  NOT  TOUCH”.  (These  signs 
may  be  painted  on  the  enclosing  cover,  described  in  a  succeeding 
paragraph.  The  locks  should  be  left  in  place  on  valves  until 
boiler  is  ready  to  be  put  into  service  again.) 

(b)  Open  escape  pipe  on  steam  nozzle,  or  water  column  drain 
pipe  valve,  so  as  to  make  sure  that  there  is  no  pressure  remaining  in 
the  boiler;  manhole  covers  may  be  then  taken  off  and  the  boiler  opened 
up  for  cleaning.  It  should  be  an  invariable  rule  that  the  man  who 


Fig.  22.  Enclosure  of  Engine  Crank  and  Cross-Head. 


This  not  only  safeguards  employees  from  danger  of  accidental  contact 
with  the  moving  engine  parts,  but  results  in  a  material  saving  of  oil.  In 
addition  to  the  oil  economy,  there  is  a  further  advantage  as  it  keeps  the 
floor  free  from  oil,  reducing  the  fire  hazard,  as  well  as  that  of  employees 
slipping  on  the  oily  floor  surface.  The  enclosure  keeps  much  dust  and 
dirt  out  of  the  oil  that  would  otherwise  settle  into  it,  thus  improving  the 
lubrication. 
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enters  a  boiler  for  the  purpose  of  cleaning;  or  inspecting,  should  be 
in  possession  of  the  keys  controlling  the  above  mentioned  locks,  and 
he  must  give  the  final  assent  for  the  return  of  the  manhole  covers  to 
their  places. 

(c)  Previous  to  entering  the  boilers,  it  is  advisable  to  determine 
whether  there  is  any  gas  or  bad  air  present,  by  passing  a  torch  or 
candle  inside. 

( d )  For  locking  the  valves,  the  following  method  is  recommended: 
Make  a  loose  cover  for  the  hand-wheel  of  the  valve  out  of  sheet  steel. 
This  cover  is  simply  a  circular  box  made  in  halves  and  hinged  at  one 
side,  with  a  hole  in  the  bottom  for  the  valve  stem.  On  the  side  oppo¬ 
site  the  hinge,  an  arrangement  is  made  for  attaching  the  lock,  so  that 
the  box  can  be  locked  shut.  This  box  should  be  painted  bright  red, 
with  white  lettering.  For  large  steam  valves,  the  box  may  also  have  a 
sleeve  extension  to  cover  the  valve  stem,  thus  preventing  the  use  of  a 
wrench  on  the  stem  of  the  valve. 

(12)  Cleaning  Boiler  Settings :  (a)  Cleaning  the  setting  of  a 

coal  tired  boiler  should  not  be  commenced  until  the  walls  of  the  setting, 
and  any  material  inside  it,  such  as  flue  dust,  etc.,  have  been  reduced 
to  such  a  temperature  that  there  is  no  possibility  of  a  man  being 
burned  coming  by  contact  with  them. 

(b)  Dampers  and  doors  should  be  left  open  while  men  are  inside 
setting,  so  as  to  maintain  a  circulation  of  air  through  the  stack. 

(c)  Electric  lights  should  be  used,  wherever  possible,  in  prefer¬ 
ence  to  open  lights  or  torches. 

(cl)  The  cleaning  of  gas  fired  boilers  will  necessitate  an  additional 
precaution  in  the  way  of  testing  the  chambers  by  means  of  lighted 
candle  or  torch,  to  detect  the  presence  of  gas  or  bad  air  before  a  man 
goes  inside. 

(e)  The  gas  valve  leading  to  a  gas  fire  boiler  should  be  abso¬ 
lutely  blocked  against  manipulation,  and  protected  from  any  tamper¬ 
ing  by  a  suitable  sign  which  will  serve  as  a  warning  that  work  is 
going  on  in  the  boiler  setting. 

(13)  Laying  Up  Boilers :  If  for  any  reason  the  boilers  are  to  be 
kept  off  indefinitely,  the  following  precautions  should  be  taken  to  pro¬ 
vide  for  safe  conditions  when  boilers  are  again  put  into  service : 

(a)  The  drums  and  tubes  should  be  opened  and  thoroughly 
cleaned,  then  allowed  to  dry;  all  dirt  should  be  blown  off  the  outside 
of  the  tubes  and  drums. 

(b)  Smear  the  inside  of  the  drums  and  tubes  with  a  heavy  crude 
oil,  or  fuel  oil.  This  should  be  applied  with  a  swab,  and  when  putting 
it  on  inside  a  drum,  an  electric  lamp  should  be  used,  and  not  an  open 
torch.  Mud  drums,  headers  and  tube  caps  should  all  be  cleaned  and 
similarly  coated.  Drums  and  tubes  should  be  left  open. 

(c)  The  above  assumes  that  the  boiler  is  separated  from  the  main 
header  by  two  valves,  a  gate  and  a  non-return.  In  case  this  condition 


Fig.  23.  Counter  Weight  Device  for  Engine  Governors. 

Engines  having  Corliss  valves  are  frequently  equipped  with  a  safety 
device  known  as  the  “Low  Plane  Governor  Stop’’;  this  stop  requires  a 
special  set  of  cams  for  the  valve  motion,  placed  so  that  they  prevent  the 
hooks  from  picking  up  in  case  the  governor  weight  drops  to  its  lowest  posi¬ 
tion  on  account  of  bieaking  gear  or  shaft,  or  any  interference  with  the 
governor  drive,  thus  automatically  shutting  down  the  engine.  Where  en¬ 
gines  are  equipped  with  this  low  plane  limit,  and  running  under  a  variable 
load,  there  is  danger  of  the  engine  slowing  up  and  allowing  the  governor 
weight  to  lower  sufficiently  to  operate  the  safety  stop  and  shut  down  the 
engine  unintentionally;  to  prevent  this,  engineers  commonly  block  up  the 
governor  in  such  a  way  as  to  render  the  safety  stop  inoperative. 

The  device  shown  in  the  photograph  consists  of  a  counterweighted 
lever,  so  arranged  that  it  will  support  the  governor  weight  when  it  is 
lowered  on  account  of  an  overload  on  the  engine,  and  thus  prevent  any 
danger  of  the  engine  stopping  under  such  conditions;  in  case,  however,  of 
an  accident  which  would  allow  the  entire  weight  of  the  governor  to  be 
brought  to  bear,  it  would  overcome  the  effect  of  the  counter  weight  and 
bring  the  automatic  stop  into  play. 
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■does  not  exist,  or  if  both  valves  leak,  the  water  must  be  kept  out  of  the 
boiler  by  putting  in  a  thin  galvanized  sheet  blank  over  the  nozzle  and 
under  the  non-return  valve. 

SAFETY  SPECIFICATIONS  FOR  LARGE  ENGINES 

( 1 )  Governor,  if  not  shaft  type,  shall  be  driven  with  ropes  (not 
less  than  three  in  number). 

(2)  Governor  sheaves  must  have  suitable  guards  of  substantial 
construction;  sheaves  to  be  keyed  to  shaft  and  unused  portions  of 
key  way  filled  so  as  to  present  a  smoot  li  surface. 

(5)  Corliss  valve  gear  to  be  equipped  with  safety  cams  which 
unhook  the  valves  when  governor  weight  drops  to  low  position;  a 
bracket  must  be  provided  for  supporting  this  weight  when  shutting 
down  engine,  so  arranged  that  it  will  drop  out  automatically  after  the 
engine  is  started  up. 


Fig.  24.  Safeguards  for  Electrical  Equipment. 

Showing  method  of  enclosing  rheostats,  and  also  two  enclosed  switches, 
one  of  which  is  in  contact  and  the  other  is  thrown  out  of  contact  and 
locked.  Wiring  may  be  placed  in  conduit,  the  latter  being  continuous  to 
switch  boxes  and  rheostats,  so  that  there  are  no  bare  terminals  or  live 
•conductors  exposed. 

(4)  Where  a  fly-ball  governor  is  used,  the  revolving  parts  must 
be  adequately  guarded  or  enclosed. 

(5)  Set  screws  in  moving  parts  to  be  countersunk  or  placed  in 
safety  collars. 

(6)  Where  main  bearings  cannot  readily  be  reached  from  the 
floor,  they  should  be  equipped  with  steps  properly  railed; — railings 
to  have  two  parallel  members,  and  an  approved  safety  tread  to  be  used 
for  steps. 

(7)  All  platforms  and  walks  on  engine  must  have  railings  and 
toe-boards  (this  applies  to  engine  bed  also  where  it  is  subject  to  use 
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as  a  foot-walk  along1  connecting1  rod).  Toeboards  must  be  at  least 
four  inches  high,  railings  not  less  than  36  in.,  with  two  horizontal 
members.  Where  pipe  is  used  for  railing,  it  must  be  “extra  heavy”. 

(<S)  An  approved  guard  or  enclosure  shall  be  provided  along 
connecting  rod  and  crank,  also  at  tail  rod,  unless  the  oil  shields  are 
so  arranged  as  to  thoroughly  safeguard  these  points  without  further 
precautions. 

(9)  A  relief  valve  must  be  placed  in  each  end  of  each  cylinder; 
these  valves  should  have  hand  levers,  or  other  adequate  means  for 
lifting  valve  from  seat  for  testing  same. 


Fig.  25.  Power  House  Switchboard. 

It  will  be  noted  that  the  switches  are  enclosed  and  only  the  insulated 
handles  project  through  the  covers;  there  are  no  live  parts  on  the  front  of 
the  board  with  which  a  man  might  come  in  accidental  contact,  and  the 
space  back  of  the  board  is  shut  off  by  a  door  and  locked,  so  that  no  un¬ 
authorized  persons  can  enter  it. 

(10)  Care  should  be  taken  in  the  design  of  valve  mechanism  and 
other  moving  parts,  to  avoid  places  where  a  hand  or  foot  might  be 
caught  and  crushed ;  where  such  places  necessarily  occur,  they  must 
be  properly  safeguarded. 

(11)  These  safety  features  shall  be  subject  to  the  approval  of 
the  Company  inspectors,  who  shall  be  given  an  opportunity  to  inspect 
engine  at  any  time  requested. 
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M ISCELLA N E( )US  C<  )N STR I  *CT ION 


AND  OPERATING  RPLES  FOR  ENGINE 


INST  VIOLATIONS 


( 1 )  It  is  recommended  that  an  approved  type  of  automatic  engim* 
stop  be  put  on  all  engines  serving  miscellaneous  finishing  machinery, 
mill  engines,  and  engines  driving  electric  units.  Speed  limits  should 
also  be  used  in  connection  with  these  automatic  stops.  A  system  of 
regular  inspection  and  testing  of  these  automatic  stops  and  speed 
limits  should  be  devised  at  each  works,  to  suit  local  conditions. 


Fig.  26.  Safety  Crane  Features. 

Note  enclosed  gearing  and  construction  of  walks,  etc.  The  latter  has 
a  floor  of  checkered  steel  plate  so  as  to  give  a  good  footing,  and  the  space 
between  walk  and  girder  is  enclosed  with  heavy  woven  fabric,  so  that  no 
parts  can  fall  through  it  to  the  floor.  A  stairway  leads  from  the  ground 
level  to  the  crane,  instead  of  the  customary  vertical  ladder;  the  trolley 
conductors  are  structural  shapes,  and  not  copper  wires  which  might  break 
and  fall;  the  bumper  at  the  end  of  the  runway  is  securely  attached  to  the 
girder,  and  so  constructed  that  it  will  clear  the  protective  fender  in  front 
of  the  track  wheel. 
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(2)  No  live  steam  connections  should  be  made  to  a  receiver 
without  a  reducing  valve,  set  so  that  the  pressure  it  permits  will  be 
well  within  the  safe  working  pressure  of  the  receiver  and  the  low  pres¬ 
sure  cylinder. 

(5)  Each  receiver  shall  be  equipped  with  one  or  more  safety 
relief  valves  of  ample  capacity,  and  set  to  blow  at  a  pressure  well 
within  safe  working  pressure  of  receiver  and  low  pressure  cylinder. 

( 4 )  Vacuum  breakers  are  suggested  where  their  use  may  seem 
to  be  warranted  under  the  following  conditions: 


Fig.  27.  Safety  Crane  Hook. 

The  handle  shown  on  this  hook  is  an  integral  part  of  the  forging,  and 
enables  a  man  to  guide  the  hook  into  place  without  danger  of  getting  his 
fingers  crushed  in  doing  so. 

(a)  In  case  of  independent  units,  particularly  in  electric  plants 
where  each  engine  has  its  own  jet  condenser.  Under  some  conditions 
if  the  load  were  to  be  suddenly  thrown  off  of  the  unit  by  the  opening 
of  a  circuit  breaker,  it  might  create  a  vacuum  in  the  low  pressure 
cylinder  which  would  draw  water  over  from  the  condenser.  To  pre¬ 
vent  this,  a  float  operated  vacuum  breaker  can  be  used,  which  will 
open  when  the  water  rises  to  a  certain  point  in  the  condensing  chamber. 

(b)  Under  some  conditions  where  the  operation  of  an  automatic 
stop  in  shutting  down  an  engine  will  be  facilitated  by  breaking  the 
vacuum  at  the  same  time  the  engine  stop  operates. 
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(5)  Steam  traps  which  operate  to  discharge  the  water  from  steam 
separators  which  protect  engines,  should  be  so  placed  or  arranged,  that 
it  will  be  known  for  certain  that  they  operate.  If  it  be  necessary  to 
locate  these  traps  below  the  engine  room  floor,  or  in  places  where  they 
cannot  be  seen,  an  electric  light  or  some  other  device,  such  as  a  bell, 
should  be  used,  so  that  the  man  in  charge  will  know  when  the  trap 
operates.  Allowing  traps  to  get  out  of  order  may  permit  accidents 
to  occur. 


Fig.  28.  .  Cable  Slings  in  Foundry  Service. 

This  shows  a  large  roll  casting  being  lifted  by  cable  slings  attache  1 
to  a  crane  hook.  A  steel  cable  is  to  be  preferred  to  a  chain,  from  the 
standpoint  of  safety,  since  breaking  wires  give  an  advance  indication  of 
weakness  before  the  cable  fails  entirely;  a  chain  is  liable  to  give  way 
without  warning. 

( 6 )  Where  engine  has  Corliss  valve  gear,  with  ‘‘low  plane"  safety 
cams,  the  governor  must  never  be  blocked  up  so  as  to  make  this  stop 
inoperative,  while  the  engine  is  running. 

(7)  In  taking  the  heads  off  of  steam  cylinders  of  engines,  pumps, 
compressors,  etc.,  which  have  recently  been  in  use,  the  indicator  cocks 
should  first  be  opened  to  make  sure  that  there  is  no  steam  pressure  in 
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the  cylinder.  In  addition  to  this,  the  joints  between  the  head  and  the 
flange  should  he  broken  before  all  the  nuts  on  the  cylinder  bolts  are 
completely  unscrewed.  This  will  prevent  the  head  being  blown  off 
when  the  joint  is  broken,  should  any  pressure  exist  in  the  cylinder. 

(8)  The  accumulation  of  oil  and  dirt  on  fly  wheels,  and  in  fly 


Fig.  29.  Blast  Furnace  Showing  Walks,  Stairways,  Etc. 

Note  the  arrangement  of  walks  and  stairways  giving  access  to  all 
valves,  explosion  doors,  etc.;  this  is  a  thin  lined  furnace,  and  there  are 
galleries  connected  by  stairways  from  which  the  cooling  plates  and  water 
piping,  etc.,  may  be  reached  throughout  the  entire  height  of  the  furnace. 
A  stairway  is  provided  to  the  comb  of  the  cast  house  roof,  from  which 
rigging  may  be  safely  and  conveniently  lowered  in  making  repairs  or 
alterations  to  the  roof.  It  will  be  noted  that  the  walks  are  all  substantially 
railed,  and  are  solidly  sheeted  from  the  floor  about  half  way  up  to  the  top 
railing;  this  is  a  safeguard  against  falling  tools  or  other  objects,  and  also 
prevents  the  danger  of  anyone  who  might  be  overcome  by  gas  rolling  over 
the  edge  of  the  platform. 
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wheel  jiits.  should  he  prevented,  and  the  wheels  ami  pits  cleaned  at 
intervals,  to  avoid  danger  from  tire  which  mav  easilv  occur  if  oil, 
grease  and  dirt  are  allowed  to  collect. 


SAFETY  SPECIFICATIONS  FOR  ELEVATORS  IN  MILLS,  WAREHOUSES.  ETC. 


Note:  All  legal  requirements,  such  as  local  building  codes,  city 
ordinances,  etc.,  should  be  observed,  and  if  there  is  any  direct  conflict 
between  these  specifications  and  such  legislation,  the  latter  should,  of 
course,  take  precedence. 

( 1 )  Material  and  workmanship  must  be  first -class  in  every  re¬ 
spect;  all  elevator  equipment  shall  be  designed  with  the  following 
factors  of  safety,  based  on  the  ultimate  strength  of  the  materials  used, 
when  under  full  rated  load  stresses: 

Parts  subject  to  dynamic  strains,  such  as  gears,  gear  shafts,  drum 
shafts,  etc.,  not  less  than  ten. 

Lifting  and  counter- weight  cables,  not  less  than  eight. 

Other  parts,  such  as  cage  framing,  etc.,  subject  to  static  strains,  not 
less  than  five. 


(2)  Elevator  equipment  must  be  of  metal  or  other  approved  non¬ 
combustible  material  throughout, — with  the  exception  of  cage  floor, 
which  mav  be  of  hard  wood,  not  less  than  three  inches  in  thickness. 

( 3 )  There  must  be  at  least  two  lifting  and  two  counter-weight 
cables  each;  they  should  be  of  standard  iron  or  crucible  steel  hoisting 
rope,  six  strands,  19  wires  to  the  strand.  Sheave  diameter  to  be  not 
less  than  40  times  the  diameter  of  rope.  Hand  line  to  be  of  tiller  rope, 
“6  by  6  by  7”  construction;  sheave  diameter  for  tiller  rope  must  be 
at  least  27  times  that  of  the  rope. 

(4)  Both  lifting  and  counter-weight  cables  of  a  drum  machine 
elevator  should  have  at  least  two  full  turns  of  cable  on  the  drum, 
when  the  car  is  at  the  lowest  and  the  highest  points  of  travel. 

(5)  Sheaves  of  operating  rope  must  be  thoroughly  guarded,  so 
that  the  rope  cannot  be  misplaced. 

(f>)  An  approved  device  shall  be  provided  for  locking  or  securing 
the  starting  rope,  in  the  cage,  so  that  the  elevator  cannot  be  started 
frojn  any  other  point. 

(7)  Wherever  practicable,  a  “centering  rope”  should  be  installed, 
arranged  so  that  it  can  be  given  a  direct  pull  to  center  the  operating 
arrangement  and  stop  the  elevator. 

(8)  All  gearing  shall  be  com  filet  el //  enclosed  with  substantial  cast 
iron  or  sheet  steel  covers,  so  designed  as  to  be  readily  detachable;  these 
covers  to  be  oil-tight  wherever  practicable.  All  couplings,  set  screws, 
keys,  bolts,  etc.,  in  moving  parts,  must  be  counter-sunk  or  covered  in 
such  a  way  as  to  eliminate  danger  of  accident  ;  unused  portion  of  key- 
ways  to  be  filled  so  as  to  present  a  smooth  surface. 

(9)  Gears,  pinions,  and  parts  subjected  to  excessive  wear  or 


Fig.  30.  General  View  of  Blast  Furnace  and  Stoves. 

The  skip  hoist  incline  is  sheeted  over  solidly  with  steel  plates,  to 
prevent  danger  of  mateiial  falling  from  the  skip  cars  on  the  persons  under¬ 
neath;  ladders  are  provided  at  each  side  of  the  incline  throughout  its  en¬ 
tire  length,  for  emergency  service;  but  in  addition  to  this,  there  are  three 
or  four  flights  of  stairs  in  different  locations,  by  which  access  may  be  had 
to  the  top  of  the  furnace. 
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strain,  to  be  of  steel,  phosphor  bronze,  etc.,  cast  iron  being  used  only 
in  places  where  strength  is  of  minor  importance. 

(10)  Unused  sides  of  cage  must  be  enclosed  to  a  height  of  six 
feet  from  the  floor.  This  enclosure  may  be  of  woven  steel  fabric,  No. 
9  wire,  one  inch  mesh,  where  it  is  desirable  for  the  operator  to  see 
through  the  enclosure;  otherwise  sheet  steel,  not  less  than  No.  14  ga., 
should  be  used. 

(11)  Unless  otherwise  specified,  elevator  cage  should  be  provided 
with  substantial  cover,  to  prevent  danger  of  tools  or  material  falling 
on  persons  in  the  cage,  from  overhead. 

(12)  Where  an  elevator  is  two  stories  or  more  in  height,  it  shall 
be  equipped  with  an  approved  speed  governor. 

(13)  All  elevators  except  those  of  hydraulic  plunger  type  must 
have  an  approved  type  of  safety  clamp,  which  will  engage  the  guides 
and  stop  the  car  in  case  the  hoisting  cable  should  break  or  become 
detached.  This  clamp  must  be  thrown  into  engagement  by  a  spring  or 
mechanical  device,  and  not  by  gravity;  it  must  be  arranged,  however, 
so  that  the  gripping  power  of  the  clamp  is  not  obtained  from  a  spring. 

(14)  Hydraulic  elevators  should  have  suitable  provision  to  pre¬ 
vent  plunger  being  forced  out  of  cylinder  in  case  of  accident  to  con¬ 
trolling  mechanism. 

(15)  Where  electric  power  is  used,  the  installation  of  controlling 
apparatus,  wiring,  etc.,  must  comply  fully  with  the  requirements  of 
the  National  Board  of  Fire  Underwriters.  All  apparatus  carrying 
electric  current  must  be  thoroughly  insulated,  enclosed  or  guarded  in 
such  manner  that  there  will  be  no  danger  of  accidental  contact  with 
live  parts.  Wiring  must  be  placed  in  approved  conduits,  which  should 
be  continuous  to  switch  or  fuse  boxes,  etc.,  so  that  there  are  no  bare 
terminals  exposed.  Main  line  switch  must  be  provided  with  an  ap¬ 
proved  locking  device. 

(16)  A  standard  sign  reading  “CAPACITY  OF  THIS  ELE¬ 
VATOR  IS  ....  LBS.;  DO  NOT  OVERLOAD  IT.”  should  be  perma¬ 
nently  displayed  in  each  elevator  cage. 

(17)  These  safety  features  shall  be  subject  to  the  approval  of 
the  Company  inspectors,  who  shall  be  given  an  opportunity  to  inspect 
the  elevator  or  its  auxiliary  equipment  at  any  time  required. 

SAFETY  REQUIREMENTS  FOR  THE  INSTALLATION  OF  ELEVATORS  IN 

MILLS,  WAREHOUSES,  ETC. 

Note:  All  legal  requirements,  such  as  local  building  codes,  city 
ordinances,  etc.,  should  be  observed,  and  if  there  is  any  direct  conflict 
between  these  specifications  and  such  legislation,  the  latter  should,  of 
course,  take  precedence. 

(1)  All  material  used  in  elevator  installations  must  be  of  metal 
or  other  approved  non-combustible  substances,  no  wood-work  being 
permitted. 


Fig.  31.  Another  View  Showing  Dust  Catchers,  Etc.,  at  Blast  Furnace. 

Permanent  railed  platforms  are  provided  at  dust  catcher  manholes, 
valves,  etc.,  so  that  it  is  not  necessary  to  put  up  temporary  rigging-  for 
cleaning,  repairing  and  inspecting  these  parts.  Each  Crawford  valve,  has 
in  addition  to  the  customary  water  seal,  a  “goggle  valve’’  in  connection 
with  it.  This  is  an  elliptical  plate,  one  end  of  which  is  solid,  and  the  other 
has  an  opening  through  it  the  size  of  the  inside  of  the  gas  main  in  which 
it  is  placed;  in  normal  service  the  gas  passes  through  this  opening,  but 
when  it  is  desired  to  cut  out  a  section  of  piping,  the  bolts  are  all  removed 
except  one,  which  is  common  to  both  bolt  circles,  and  the  plate  can  then 
be  revolved  on  its  central  axis  so  that  the  solid  part  enters  the  line  and 
makes  a  positive  barrier  against  gas.  Several  of  these  valves  will  be  noted 
at  the  top  of  the  dust  catchers;  there  are  some  25  or  30  of  them  around 
the  plant.  At  the  left  of  the  picutre  a  viaduct  will  be  observed,  by  which 
employees  can  reach  the  level  of  the  cast  house  floor,  without  walking  on 
the  railroad  tracks. 
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(2)  Elevator  well  should  be  completely  enclosed  on  unused  sides, 
and  from  head  clearance  (7  ft.)  up  to  ceiling,  where  entrances  occur. 
Woven  steel  fabric,  No.  9  wire,  one  inch  mesh,  may  be  used  for  this 
enclosure,  in  fire-proof  buildings;  where  buildings  are  not  of  this  con¬ 
struction,  an  approved  type  of  fire-proof  enclosure  must  be  provided 
for  the  elevator  well. 

(3)  Doors  or  gates  must  be  placed  at  all  entrances,  and  arranged 
so  that  they  can  only  be  opened  from  within.  If  gates  are  used,  they 
should  be  preferably  of  the  semi-automatic  type,  but  they  may  be 
manipulated  entirely  by  the  operator,  if  necessary,  and  full  automatic 
gates  may  be  used  at  upper  and  lower  floors. 

( 4 )  Gates  should  be  six  feet  in  height,  wherever  possible,  to  pre¬ 
vent  anyone  looking  over  top  of  them;  if  this  height  is  impracticable, 
suitable  means  should  be  provided  to  prevent  accidents  from  descending 
cage,  such  as  tell-tale  chains,  suspended  from  bottom  of  cage. 

(5)  Where  the  elevator  cage  passes  close  by  beams,  floors,  etc., 
they  should  be  beveled  off  and  sheeted  over,  to  prevent  possibility  of  a 
foot  being  crushed  between  them  and  the  floor  of  cage. 

( 6 )  Platform  with  railing  and  toe-boards  should  be  placed  at 
top  sheaves,  for  use  of  oilers,  repairmen,  etc.,  with  permanent  ladders 
to  these  platforms,  where  necessary.  Toe-boards  must  be  at  least  four 
inches  high,  railings  not  less  than  36  in.,  with  two  horizontal  members. 

(7)  A  pit  at  least  3  ft.  6  in.  in  depth  must  be  provided  at  lower 
floor,  and  an  equal  clearance  allowed  between  overhead  platform  or 
beams,  and  top  of  cage,  when  it  is  at  upper  floor  level. 

(8)  Bumpers  should  be  placed  at  bottom  of  elevator  pit  with 
suitable  spring  or  oil  cushioning  device.  They  may  be  located  at  floor 
level  for  hydraulic  plunger  elevators,  but  must  be  not  less  than  12  in. 
below  floor  level  for  other  types.  These  bumpers  should  be  of  such 
length  as  will  insure  a  minimum  clearance  of  at  least  2  ft.  6  in.  between 
bottom  of  cage  and  pit  floor,  to  prevent  danger  of  anyone  being 
crushed  by  the  descending  cage. 

(9)  Additional  counterweight  bumpers  should  be  provided,  on 
which  the  counterweights  will  come  to  rest,  when  the  car  is  2  ft.  6  in. 
below  overhead  beams  or  platform  at  top  of  shaft. 

(10)  Checkered  steel  plates,  or  other  safety  tread,  should  be 
placed  at  each  elevator  entrance  to  prevent  slipping. 

(11)  Means  for  disconnection  of  power,  independent  of  the  ordi¬ 
nary  controlling  arrangements,  shall  be  provided  for  each  elevator,  to 
be  used  when  making  inspections,  repairs,  etc. 

This  may  consist  of  a  gate  valve  for  hydraulic  and  steam  ele¬ 
vators,  a  switch  for  electric  elevators,  and  a  tight  and  loose  pulley  or 
friction  clutch  for  belt-driven  elevators. 

In  each  case  a  lock  and  chain  should  be  provided,  to  be  placed 
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Fig.  32.  Railings,  Caged  Ladders,  Etc.,  at  Blast  Furnace. 

A  substantial  railing  has  been  provided  around  the  edge  of  the  cast 
house  wall,  as  well  as  sections  extending  over  the  pouring  spouts.  Where 
it  is  necessary  to  use  ladders,  they  are  fitted  with  safety  cages  which  prac¬ 
tically  eliminate  danger  of  any  one  falling  from  a  ladder;  such  a  provision 
is  particularly  important  around  blast  furnaces,  where  there  is  constant 
danger  of  men  being  wholly  or  partially  overcome  by  gas.  One  of  these 
cages  will  be  noted  on  the  ladder  leading  to  the  top  of  the  dust  catcher. 


BEYER — INDUSTRIAL  ENGINEERING  SAFETY  177 

on  this  disconnecting  device  when  it  is  being  used  for  anyone’s  protec¬ 
tion., 

(12)  A  suitable  electric  or  mechanical  signaling  gong  shall  be 
provided  for  each  elevator,  so  arranged  that  it  can  be  rung  from  any 
floor  served. 

(13)  All  counterweights  shall  have  their  sections  securely  bolt¬ 
ed  together,  and  shall  be  so  situated  that  they  cannot  fall  on  any  part 
of  the  elevator  or  machinery.  There  shall  be  not  less  than  2  ft.  6  in. 
clearance  between  top  of  counterweight  and  under  side  of  overhead 
beams,  when  the  car  is  resting  on  the  bottom  bumpers. 

(14)  Counterweight  slides  should  be  guarded  where  there  is 
danger  of  some  one  having  a  hand  caught  between  the  weight  and 
framing.  A  door  or  other  suitable  provision  should  be  made,  to  allow 
for  convenient  inspection  of  counterweight  cables. 

(15)  Two  stop  buttons  should  be  placed  on  operating  rope  at 
both  top  and  bottom  positions,  separated  about  *4  in.,  so  that  if  one 
slipped  the  other  would  stop  the  car.  These  should  be  located  so  that 
they  only  come  into  play  after  the  car  has  gone  a  few  inches  beyond 
its  normal  stopping  position,  so  that  the  operator  will  not  depend  on 
them  for  his  ordinary  stops.  They  are  for  emergency  service  only. 
The  stop  motion  device  on  engine  or  motor  driven  elevators  should  be 
arranged  to  operate  at  terminal  floor  levels. 

(16)  Standard  Sign  reading  “DANGER,  DO  NOT  RIDE  ON 
ELEVATOR,  USE  STAIRWAY,”  should  be  posted  in  a  conspicuous 
location  at  each  freight  elevator. 

(17)  Where  elevators  are  driven  by  electricity,  the  controller- 
board,  motor,  and  starting  mechanism,  etc.,  must  be  placed  in  such  a 
location  that  they  are  not  liable  to  be  obstructed  by  stock,  or  tamper¬ 
ed  with.  Where  they  are  in  a  common  room  of  warehouses,  storehouse, 
etc.,  they  should  be  partitioned  off,  or  enclosed,  with  woven  steel  fabric, 
No.  9  wire,  one  inch  mesh,  or  other  suitable  non-combustible  material. 
A  door  with  lock  should  be  provided  for  entrance  to  this  enclosure. 
All  wiring  should  be  placed  in  approved  metal  conduit.  Conduit,  and 
metal  enclosure  of  switchboards,  etc.,  to  be  suitably  grounded. 

SAFETY  SPECIFICATIONS  FOR  ELECTRIC  TRAVELING  CRANES 

1.  General  Construction :  (a)  Material  and  workmanship  must  be 
first  class  in  every  respect;  all  cranes  shall  be  designed  with  the  fol¬ 
lowing  factors  of  safety,  based  on  the  ultimate  strength  of  the  ma¬ 
terials  used  when  under  full  rated  load  stresses: 

Parts  subject  to  dynamic  strains,  such  as  gear  shafts,  drum  shafts, 
gears,  hooks,  blocks,  etc., — not  less  than  ten. 

Hoisting  cables, — not  less  than  eight. 

Girders  and  other  parts  subject  to  static  strains, — not  less  than  five. 

For  journals  and  axles,  the  dimensions  shall  be  increased  until  the 
bearing  pressure  and  deflection  come  within  safe  and  durable  limits. 
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( b )  Crane  to  be  of  what  is  known  as  “All  Steel”  construction* 
No  cast  iron  shall  be  used  except  for  minor  parts,  such  as  drums, 
bearing  brackets,  caps  and  boxes,  etc.  where  strength  is  not  of  pri¬ 
mary  importance;  *  no  wood  or  other  combustible  material  to  be 
used  in  the  construction  of  any  crane. 

(c)  All  bolts  shall  be  through  type,  no  studs  or  cap  screws 
being  used  unless  by  special  agreement;  bolts  to  be  suitably  secured 
from  turning,  and  equipped  with  approved  lock  nuts  or  lock  washers. 


Fig.  33.  Emergency  Hospital  at  Steel  Works. 

Emergency  hospitals  are  maintained  adjacent  to  the  mills,  for  giving 
prompt  attention  to  injured  men;  these  hospitals  contain  complete  equip¬ 
ment  of  operating  tables,  instruments,  bandages,  etc.,  and  have  trained 
attendants  to  look  after  the  patients. 

( d )  For  cranes  with  a  capacity  of  five  tons  or  under,  bridgt 
track  wheels  must  be  not  less  than  18  in.  diameter;  for  capacities  of 
over  five  tons,  they  should  be  not  less  than  24  in.  diameter;  trolley 
wheels  not  less  than  12  in.  All  wheels  must  either  be  of  rolled  steel, 
or  of  cast  iron  bodies  equipped  with  standard  steel  tires,  no  cast  treadi 
being  used. 

•Note: — When  submitting  bids,  the  builder  is  requested  to  specify 
all  parts  where  he  proposes  using  cast  iron. 
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( e )  Rails  are  to  be  fastened  to  girders  by  bolted  clamps,  so 
arranged  that  the  bolts  can  be  conveniently  replaced  if  necessary;  suit¬ 
able  stops  must  be  riveted  to  girders,  to  prevent  creeping  of  rails. 

(/)  Steps  or  stairs  with  hand  rails  are  to  be  used,  wherever  pos¬ 
sible,  in  preference  to  ladders. 

2.  Foot  walks :  (a)  Footwalks  shall  be  placed  in  the  following  lo¬ 
cations  : 

Entire  length  of  bridge  girders  on  driving  sides,  (or  both  sides). 

Across  one  or  both  ends  of  trolley  at  right  angles  to  bridge  walks. 

Across  side  of  trolley  opposite  bridge  drive.  (If  there  is  only  one 
walk  on  bridge;  where  there  is  a  walk  on  this  side  of  bridge,  or  one 
across  end  of  crane  runway  that  will  serve  the  same  purpose,  this  sec¬ 
tion  may  be  omitted.) 

( b )  Footwalks  shall  be  of  substantial  construction,  rigidly 
braced  so  as  to  eliminate  vibration,  and  built  entirely  of  steel. 

Width  of  main  walks,  not  less  than  30  in.  from  outer  edge  of  walk 
to  web  of  girder. 

Width  of  trolley  walks,  not  less  than  15  in. 

( c )  Wherever  possible,  all  walks  should  be  so  arranged  that  there 
will  be  a  clearance  of  at  least  6  ft.  6  in.  between  floor  of  walk  and  over¬ 
head  trusses  or  other  structural  members;  clearance  between  railing  on 
bridge  walk,  and  nearest  part  of  trolley  to  be  not  less  than  18  in. 

(d)  Footwalk  should  pass  underneath  and  around,  instead  of  over 
bridge  motor,  and  may  be  reduced  to  a  width  of  15  in.  (clear)  at  point 
where  it  passes  motor. 

( e )  Each  walk  shall  have  a  standard  railing  and  toe-board,  at 
all  exposed  edges. 

Railings  to  be  of  riveted  structural  steel  construction,  with  two 
horizontal  members,  and  not  less  than  3  ft.  3  in.  high;  toe-board  to  be 
at  least  four  inches  (net)  in  height. 

Floor  of  walks  shall  be  of  checkered  steel  plate,  not  less  than 
in.  thick;  flooring  must  extend  from  outside  toe-board  to  bridge  gird¬ 
er  and  be  fitted  neatly  where  any  irregularities  occur,  so  as  to  leave 
no  openings  through  floor. 

3.  Operator’s  Cage :  (a)  Operator’s  cage  must  be  securely  fast¬ 
ened  to  bridge  girders,  and  well  braced,  to  minimize  vibration.  It 
should  be  large  enough  to  allow  ample  room  for  equipment  and  oper¬ 
ator. 

For  3-motor  cranes,  cage  should  be  not  less  than  5  ft.  by  6  ft. 
10  in. 

For  4-motor  cranes,  cage  should  be  not  less  than  6  ft.  9  in.  by 
7  ft.  10  in. 

( b )  Floor  to  be  of  %  in.  impregnated  asbestos  board,  on  steel 
plate  not  less  than  in.  thick. 
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( c )  Unless  otherwise  specified,  cage  shall  be  enclosed  to  a  height 
of  3  ft.  3  in.  from  floor,  with  sheet  steel  or  woven  steel  mesh;  if  not 
so  enclosed,  standard  toe-board  not  less  than  four  inches  (net)  in 
height  must  be  placed  around  exposed  edges. 

( d )  A  safe  and  convenient  arrangement  shall  be  made  to  allow 
operator  to  pass  from  cage  to  footwalks  and  bridge  girders;  where  a 
ladder  is  used,  it  should  preferably  be  inside  cage,  but  in  every  case 
the  arrangement  must  be  such  that  there  will  be  no  danger  of  opera¬ 
tor  falling  to  ground,  when  using  it. 

( e )  Floor  of  cage  shall  be  extended  on  entrance  side  so  as  to 
form  a  landing,  not  less  than  15  in.  wide;  this  landing  to  be  equipped 
with  hand-rail  and  toe-board  of  same  construction  as  bridge  walk.* 

(/)  An  approved  foot  or  hand  operated  gong  shall  be  placed 
in  a  convenient  location,  and  securely  fastened,  to  eliminate  danger  of 
parts  working  loose  and  falling. 

( g )  Ladle  and  other  cranes  subjected  to  heat  from  below,  must 
have  Vs  in.  sheet  steel  shield,  six  inches  below  bottom  of  cage  floor. 

4.  Shafting,  Couplings,  Gears,  Etc.:  (a)  All  parts  of  crane 
must  be  readily  accessible,  and  so  designed  that  it  will  not  be  neces¬ 
sary  to  remove  any  keyed  part,  or  disturb  any  other  shaft  in  order  to 
change  any  shaft  on  the  crane. 

(h)  All  hoisting  shafting  carrying  gears,  pinions,  drums,  or 
sheaves,  to  be  of  forged  open  hearth  steel,  the  net  required  section  be¬ 
ing  increased  in  diameter  by  not  less  than  twice  the  depth  of  key 
seat;  over-all  shaft  diameter  to  be  in  even  eighths  of  an  inch. 

(c)  All  connections  subject  to  torsion  are  to  be  pressed  or 
shrunk  on  and  keyed  in  place.  Press  fits  to  be  made  with  pressure 
of  not  less  than  nine  tons  per  inch  diameter. 

( d )  Shafting  and  couplings  shall  be  entirely  enclosed,  the  covers 
being  so  designed  that  they  are  readily  detachable,  and  supported  in 
such  a  manner  that  they  do  not  revolve  with  the  shaft. 

(e)  Wherever  possible,  overhung  gears  must  be  eliminated,  and 
no  split  gears  shall  be  used. 

(/)  All  gears  shall  be  encased  with  oil  and  dust-proof  covers; 
these  covers  to  be  conveniently  arranged  for  inspection  and  lubrication, 
and  strong  enough  to  retain  the  whole  gear,  or  any  parts  which  might 
break  and  fall. 

( g )  Keys  to  be  secured  in  some  approved  manner,  to  prevent 
possibility  of  gears  working  loose;  unprotected  keys  must  not  be  left 
projecting  from  ends  of  shafts,  they  must  be  covered  or  otherwise 
protected. 

( h )  All  bearings  except  those  on  motors,  and  M.  C.  B.  type, 

♦Note:  Where  there  is  a  fixed  platform  at  top  of  stairway  or  ladder, 
that  will  serve  the  same  purpose, — this  landing  may  be  omitted,  unless  it 
is  needed  to  comply  with  provisions  of  3-d. 
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shall  have  approved  screw  feed  compression  grease  cups.  These  cups 
to  be  located  at  points  accessible  to  footwalks,  and  provided  with  ex¬ 
tension  pipes  where  necessary  to  bring  them  within  easy  reach  of 

walks. 

(5)  Switchboard  and  Wiring ,  Etc.:  (a)  The  installation  of 
switchboard,  wiring  and  all  electrical  equipment,  must  fully  comply 
with  the  requirements  of  the  National  Board  of  Fire  Underwriters. 

(6)  With  the  exception  of  trolley  conductors,  all  apparatus 
carrying  electric  current  must  be  thoroughly  insulated,  enclosed  or 
guarded,  in  such  a  manner  that  there  will  be  no  danger  of  accidental 
contact  with  live  parts. 

(c)  Unless  otherwise  specified,  switchboard  shall  be  placed  in  rear 
of  cage,  and  contain  the  following  equipment : 

Two  pilot  lights. 

One  double  pole,  main  line  switch. 

One  double  pole,  magnetically  operated  circuit  breaker,  with  an 
individual  double  pole  overload  relay  and  fuse  for  each  motor  on  crane ; 
circuit  breaker  to  be  so  designed  that  it  will  open  automatically  if 
current  supply  fails,  and  remain  open  until  closed  by  operator. 

( d )  Switchboard  and  its  equipment  to  be  enclosed  in  asbestos 
lined  steel  cabinet,  with  swinging  door  arranged  so  it  can  be  locked. 

( e )  In  addition  to  the  one  on  crane  switchboard,  there  shall  be 
a  main  line  switch  mounted  above  cage  where  it  can  be  conveniently 
reached  from  footwalk;  this  switch  must  be  so  constructed  that  it  can 
be  locked  in  open  position. 

(/)  All  wiring  must  be  placed  in  approved  conduits,  which 
should  be  continuous  to  switch  boxes,  etc.,  so  that  there  are  no  bare 
terminals  exposed. 

( g )  Unless  otherwise  specified,  trolley  conductors  are  to  be  soft 
steel  bars  or  other  suitable  rolled  steel  sections,  with  tinned  joints  and 
good  mechanical  supports;  they  should  preferably  be  located  outside 
and  above  bridge  girder,  on  side  opposite  bridge  motor,  in  conven¬ 
ient  relation  to  footwalk;  in  no  case  shall  their  location  be  such  that 
they  may  be  brought  into  accidental  contact  with  hoist  cable. 

( h )  Open  type  controllers  to  have  asbestos  lined  steel  guard 
over  the  movable  contact  parts. 

(i)  Rheostats  and  resistance  units  to  be  protected  from  acci¬ 
dental  contact  or  mechanical  injury,  by  suitable  enclosure,  adequate 
provision  being  made  for  ventilation. 

6.  Brakes:  (a)  Unless  otherwise  specified,  each  crane  hoist  shall 
be  equipped  with  an  approved  system  of  dynamic  braking. 

( b )  Dynamic  brake  to  be  supplemented  by  two  magnetic  hold¬ 
ing  brakes  of  approved  type,  either  of  which  must  be  sufficiently  pow¬ 
erful  to  hold  rated  load  independently,  under  regular  operating  condi- 
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tions.  One  of  the  holding  brakes  should  be  on  armature  shaft,  the 
other  on  an  intermediate  reduction  shaft. 

(c)  There  shall  be  a  foot  brake  for  bridge  travel,  of  ample  ca¬ 
pacity  to  control  crane  under  full  load,  at  full  speed. 

( d )  All  friction  brakes  must  be  of  shoe  or  multiple  disc  type, 
so  constructed  that  they  will  be  equally  efficient  in  either  direction; 
no  band  brakes  to  be  used. 

(e)  Brakes  must  be  encased  or  guarded  in  such  a  manner  as  to 
eliminate  danger  of  loose  or  broken  parts  falling  to  floor. 

7.  Hoist  Limit :  (a)  An  approved  normally  closed  limit  device 
shall  be  provided  for  each  hoist;  this  must  be  tripped  directly  from 
hoisting  block  or  hook,  and  not  through  screw  contacts,  with  large  re¬ 
duction  ratio. 
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Fig.  34.  Operating  Room  in  Mill  Emergency  Hospital. 

Dynamic  braking  must  be  employed  in  connection  with  hoist  limit, 
to  check  speed  of  motor. 

8.  Hoist  Mechanism :  (a)  All  hoists  shall  be  equipped  with 

approved  steel  cable,  no  chain  being  used;  cable  to  be  of  plow  steel 
inside  and  crucible  steel  outside,  or  of  all  plow  steel,  six  strands,  37 
wires  to  the  strand.  Hemp  core  may  be  used  for  ordinary  service, 
but  core  must  be  of  soft  iron  where  subjected  to  excessive  heat. 

(6)  The  pitch  diameter  of  hoist  drums  and  sheaves  shall  be 
at  least  thirty  times  the  diameter  of  the  cable;  the  drums  must  have 
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flanges  at  each  end  not  less  than  one  inch  thick  and  projecting  at  least 
2%  in.  from  body  of  drum. 

(c)  Drums  to  be  so  designed  that  there  will  be  not  less  than  two 
full  wraps  of  hoisting  cable  in  the  grooves,  when  hook  is  at  lowest 
position  called  for  in  specifications. 

( d )  Hook  block  shall  be  of  an  approved  safety  type,  so  ar¬ 
ranged  that  it  will  lift  vertically  without  twisting;  hooks  to  be  of 
forged  steel  construction,  and  provided  with  ball  bearings. 

( e )  Bottom  sheaves  must  be  protected  by  close  fitting  guards  to 
prevent  rope  from  becoming  misplaced. 

9.  Bumpers  and  Wheel  Guards :  (a)  Substantial  bumpers,  equip¬ 
ped  with  springs  or  other  approved  form  of  cushioning  device,  shall 
be  provided  at  end  of  trolley  travel;  these  bumpers  must  be  securely 
attached  to  bridge  girder,  and  not  to  rail. 

( b )  Where  there  is  more  than  one  crane  on  the  same  runway, 
suitable  bumping  blocks  must  be  placed  on  end  carriages  or  equal¬ 
izing  trucks,  at  each  end  of  bridge  girder;  these  bumpers  to  have 
springs  or  other  approved  cushioning  device. 

(c)  Guards  or  fenders,  of  steel  plate  or  forgings,  shall  be 
placed  in  front  of  each  of  the  bridge  truck  and  trolley  wTheels;  these 
fenders  to  extend  down  on  each  side  at  least  y2  in.  below  head  of  rail, 
and  to  be  rigidly  secured  in  a  position  far  enough  in  front  of  wheel 
to  prevent  danger  of  crushing  a  man’s  hand  on  rail. 

Arrange  for  necessary  clearance  between  fenders  and  end  bump¬ 
ers  or  stops. 

10.  Miscellaneous :  (a)  Heavy  lugs  or  brackets  shall  be  placed 
on  trolley  frames  and  end  carriages,  where  necessary  to  limit  drop  to 
one  inch  or  less,  if  a  wheel  or  axle  should  break. 

(h)  Trucks  shall  be  provided  with  adequate  pads  for  use  with 
jacks  or  wedges,  when  changing  track  wheels;  cranes  to  be  designed 
so  as  to  permit  changing  wheels  by  simply  relieving  the  bearings  of 
the  weight. 

(c)  A  pan  or  flooring  of  steel  plate,  not  less  than  ^  in.  thick, 
shall  be  attached  to  trolley  frame,  so  as  to  eliminate  danger  of  objects 
falling  from  trolley  to  ground. 

( d )  A  plate  giving  rated  capacity  of  crane  shall  be  placed  on 
the  outside  of  each  bridge  girder. 

( e )  Unless  otherwise  specified,  there  shall  be  sand  boxes,  oper¬ 
ated  from  the  cage,  and  applying  sand  to  both  runway  rails. 

(/)  A  suitable  tool  box  must  be  permanently  attached  at  a  con¬ 
venient  point  in  cage  or  on  runway;  this  should  be  of  sheet  steel  con¬ 
struction,  and  large  enough  to  contain  the  necessary  tools,  oil  cans, 
etc. 

( g )  For  cranes  in  outside  service,  the  following  additional  pro¬ 
visions  shall  be  made : 
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Floor  of  footwalks  to  be  perforated  with  in.  drainage  holes, 
spaced  approximately  on  12  in.  centers. 

Cage  shall  be  enclosed  with  No.  18  ga.  steel  siding  and  16  ga. 
roof.  There  shall  be  metallic  sash  windows  on  three  sides  of  cage, 
windows  in  front  and  side  opposite  door  to  be  full  width  of  cage. 

Where  there  are  no  members  over  crane  suitable  for  attaching 
blocks,  a  structural  steel  outrigger  shall  extend  across  bridge  girders, 
of  sufficient  strength  to  lift  heaviest  part  of  trolley. 

Outrigger  to  be  located  over  bridge  motor. 

11.  Inspection :  These  features  are  to  be  subject  to  the  approval 
of  the  Company  inspectors,  who  shall  be  given  an  opportunity  to 
inspect  crane  at  any  time  requested. 

RULES  FOR  ELECTRIC  CRANEMEN 

NOTICE.  No  one  but  a  regularly  authorized  operator  is  allowed 
to  use  any  crane. 

1.  When  on  duty,  remain  in  crane  cage  ready  for  prompt  serv- 
ive. 

2.  Xever  go  on  top  of  crane  or  permit  any  one  else  to  do  so 
without  opening  main  switch  and  placing  warning  sign  or  lock  on  it; 
when  you  find  this  signal  on  switch,  do  not  close  same  until  you  are 
absolutely  sure  there  is  no  one  on  crane  or  crane  runway,  who  might 
be  caught. 

3.  Before  racking  carriage  or  moving  crane  bridge,  be  sure 
that  hook  is  high  enough  to  clear  all  obstacles. 

4.  Under  no  consideration  permit  your  crane  to  bump  into  an¬ 
other  crane  until  you  are  positive  that  no  one  on  the  other  crane  is  in 
a  position  to  be  injured. 

5.  Examine  your  crane  every  turn  for  loose  or  defective  gears, 
keys,  runways,  railings,  warning  bells,  signs,  switches,  sweepbrushes, 
cables,  etc.,  and  report  any  defects  found.  Keep  crane  clean  and  well 
lubricated. 

6.  When  crane  is  down  for  repairs,  assist  repairmen.  After 
completion  of  any  job,  make  sure  that  bolts,  tools,  etc.,  have  been 
removed  so  that  no  damage  to  machinery  will  result  when  crane  is 
started,  and  also  that  nothing  can  fall  off  crane.  Keep  tools,  oil  cans, 
and  other  loose  objects  in  box  provided  for  that  purpose. 

7.  Do  not  carry  load  over  men  on  floor;  using  warning  gong  to 
attract  their  attention. 

8.  Do  not  allow  men  to  ride  on  load  carried  by  crane,  or  on 
crane  hooks. 

9.  Do  not  move  load  without  signal  from  proper  man. 

10.  When  handling  heavy  loads,  particularly  hot  metal,  test 
hoist  brake  by  throwing  controller  to  “off”  position  after  load  has  been 
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lifted  a  few  inches;  if  brake  does  not  hold  load,  do  not  move  crane 
until  it  has  been  repaired  or  adjusted. 

11.  Do  not  carry  objects  up  and  down  ladder;  use  rope  for  hand¬ 
ling  anything  too  large  to  go  into  pocket. 

12.  When  leaving  cage  always  open  main  switch. 

SAFETY  SPECIFICATIONS  FOR  MACHINE  AND  CARPENTER  SHOP  TOOLS 

General:  (This  clause  applies  to  all  machines.) 

All  gearing  shall  be  comjjletely  enclosed  with  substantial  cast  iron 
or  sheet  steel  covers,  so  designed  as  to  be  readily  detachable;  all 
couplings,  set  screws,  keys,  bolts,  etc.,  in  moving  parts,  must  be  count¬ 
er-sunk  or  covered  in  such  a  way  as  to  eliminate  danger  of  accident; 
unused  portion  of  key-ways  to  be  filled  so  as  to  present  a  smooth 
surface. 


Fig.  35.  Resuscitating  Apparatus. 

This  illustrates  a  “pulmotor”  in  service;  the  pulmotor  sets  up  arti¬ 
ficial  respiration  in  case  of  suspended  animation  from  asphyxiation,  electric 
shock,  etc.  It  also  administers  oxygen,  a  supply  of  which  is  kept  in  storage 
cylinders,  ready  for  prompt  use. 
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In  addition  to  the  above  general  specifications,  the  following  pro¬ 
visions  must  be  made  for  the  various  machines  designated. 

Planers:  Planer  beds  shall  be  substantially  covered  with  cast 
iron  or  steel  plate — the  latter,  if  used,  to  be  not  less  than  three-six¬ 
teenths  inch  in  thickness. 

Drills:  Wherever  possible,  counterweights  should  be  placed  in¬ 
side  the  vertical  column  of  Drill  Presses.  Where  this  cannot  be  done, 
some  auxiliary  means  must  be  provided  for  retaining  the  weight  in 
case  the  supporting  chain  or  rope  breaks,  this  weight  being  suspended 
in  such  a  location  as  to  offer  the  least  possibility  of  injury  in  case  it 
should  fall. 

Grinding  Machinery :  Emery  wheels  must  be  provided  with  ade¬ 
quate  Safety  Hoods,  having  exhaust  connections,  these  hoods  to  be  of 
steel,  not  less  than  three-sixteenths  inch  in  thickness.  Flanges  must 
be  at  least  half  the  diameter  of  new  wheel,  and  have  cushion  washer 
between  wheel  and  flange.  Roll  Grinders,  Tool  Grinders,  etc.,  to 
have  wheel  covered  as  completely  as  character  of  work  will  allow. 

W oodworking  Machinery:  Jointers  or  Surfacers  must  be  equip¬ 
ped  with  standard  Safety  Cylinders,  and  have  exhaust  connections 
for  removing  shavings.  Daniels  Planers  should  be  provided  with  a 
guard  which  will  prevent  the  knives  from  flying  out. 

Band  Saws  to  have  both  upj^er  and  lower  wheels  protected  with 
woven  wire  or  other  suitable  enclosure  across  the  face  of  the  wheel, 
and  guard  at  rim  to  prevent  a  breaking  saw  from  springing  outward. 

Swing  Saws  to  be  covered  as  completely  as  character  of  work 
will  allow. 

Inspection:  (This  apjDlies  to  all  machines).  These  safety  feat¬ 
ures  shall  be  subject  to  the  approval  of  the  Company  Inspectors,  who 
shall  be  given  an  opportunity  to  inspect  machinery  at  any  time  re¬ 
quested. 


DISCUSSION 

Mr.  S.  M.  Marshall:*  Mr.  Beyer’s  paper  is  very  interest¬ 
ing  and  is  especially  useful  to  those  who  have  to  do  with  en¬ 
gineering  design,  because  he  has  given  definite  specifications 
covering  several  classes  of  safety  appliances.  These  will  be  of 
value  in  design  because  they  outline  definitely  the  types  of 
guards  required  in  each  case.  If  other  specifications  of  this 
nature  are  published  from  time  to  time  covering  other  types 
of  machinery  they  will  be  of  value  in  directing  the  lines  along 
which  designs  of  this  character  should  proceed. 

*Assistant  Chief  Engineer,  Cambria  Steel  Company,  Johnstown,  Pa. 
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In  the  Journal  of  the  American  Society  of  Mechanical  En¬ 
gineers  for  February  1911  there  is  a  paper  by  Mr.  Calder  on 
safety  devices  in  which  nine  principal  causes  of  accident  are 
given.  Of  these,  three  may  be  said  to  be  due  to  the  operators 
themselves;  ignorance,  carelessness  and  unsuitable  clothing.  Mr. 
Beyer  has  not  touched  upon  this  phase  of  accident  prevention, 


Fig.  36.  Wire  Drawing  Bencli  with  Safety  Device. 

but  it  unquestionably  is  true  that  a  large  proportion  of  acci¬ 
dents  are  due  to  one  of  these  three  causes  principally  the  latter 
two.  Many  men  in  the  mills  and  shops  will  remove  a  safeguard 
which  has  been  provided,  because  it  may  prevent  immediate  and 
ready  access  to  gears  or  bearings,  and  fail  to  replace  it  after 
work  has  been  done.  Stairways  are  not  used  because  of  a  short¬ 
er  course  at  the  point  so  protected,  which  may  be  directly  over 
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a  roller  table  or  some  similar  piece  of  machinery.  Unsuitable 

clothing,  such  as  ragged  sleeves,  loose  neckties  and  similar  ap- 

■ 

parel  leads  to  a  great  many  of  the  minor  and  not  a  few  of  the 
more  serious  accidents,  and  the  Company  with  which  the  writer 
is  connected  is  making  a  determined  effort  to  eliminate  as 
many  accidents  due  to  this  cause  as  possible.  To  this  end  an 
enameled  sign  has  been  placed  at  frequent  points  around  the 
plants,  which  reads  as  follows: 


CAMBRIA  STEEL  COMP  AST 
WARNING 

ALWAYS  EXAMINE  YOUR  CLOTHING 
BEFORE  COMMENCING  WORK. 

RAGGED  OR  LOOSE  CLOTHING. 
UNBUTTONED  JACKETS  OR  SHIRTS, 
LONG  NECKTIES  AND  LOOSE  SLEEVES  ARE 

DANGEROUS. 


It  is  hoped  by  calling  attention  to  the  danger  of  such  clothing 
in  this  way  a  large  percentage  of  the  accidents  of  this  type  may 
be  eliminated. 

Mr.  Bever  refers  to  standardization.  This  would  be  a  boon 
* 

to  all  purchasers  of  mechanical  equipment,  particularly  machine 
tools.  The  experience  of  others  in  this  respect  has  been  much 
the  same  as  Mr.  Beyer 's  that  even  new  tools  made  to-day  are  not 
as  fully  protected  as  they  should  be. 

The  complete  enclosure  of  gearing  is  most  desirable  if  the 
covers  are  so  made  that  the  gears  may  run  in  oil.  If.  however, 
the  cases  are  not  oil  tight  and  it  is  necessary  to  lubricate  them 
from  time  to  time  it  is  preferable  to  have  them  so  covered  that 
while  they  are  fully  protected,  they  are  so  arranged  that  the 
teeth  will  be  visible  and  the  lubrication  and  condition  of  the 
gears  easily  seen. 

A  very  interesting  photograph  is  shown  of  the  means  used 
in  wire  drawing  rooms  to  protect  the  wire  drawers  from  being 
caught  in  a  tangle  and  pulled  against  the  block.  We  use  a 
somewhat  simpler  device  because  of  the  benches  being  motor 
driven.  This  is  shown  in  the  accompanying  photographs.  Figs. 
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36  and  37.  Fig.  36  shows  one  end  of  a  wire  drawing  bench  in 
front  of  which  may  he  seen  a  taut  wire  about  seven  feet  above 
the  floor  and  approximately  above  the  pointers.  This  extends 
entirely  across  the  mill,  from  wall  to  wall.  On  the  wall  of 
the  motor  house  on  the  right  of  the  photograph  this  wire  is  at¬ 
tached  to  the  normally  closed  switch  shown  in  Fig.  37.  This 


Fig.  37.  Switch  with  Safety  Control  Wire  for  Wire  Drawing  Benches. 


switch  is  connected  to  the  no  voltage  release  coil  of  the  circuit 
breaker  of  the  main  300  h.p.  alternating  current  motor  driving 
the  two  benches  shown.  In  the  event  of  any  operator  being 
caught  by  a  tangle  or  in  any  way  drawn  toward  the  bench  this 
wire  is  within  easy  reach  and  readily  shuts  down  the  bench.  If 
the  man  who  is  caught  cannot  do  this,  one  of  his  companions 
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can  do  so.  Being  driven  by  a  motor  and  having  very  little 
ffy  wheel  affect,  the  benches  are  stopped  promptly.  This  device 
lias  saved  a  number  of  men  from  serious  accidents.  A  similar 
device  is  installed  at  the  cobble  bailer  and  will  be  installed  on 
the  galvanizing  take-up  frames. 

In  Fig.  36  may  be  seen  a  clutch  disengaging  lever  immed¬ 
iately  in  front  of  the  die  plate.  Should  a  man  be  caught  and 
be  unable  to  reach  the  wire  or  be  protected  in  any  other  way, 
when  he  is  drawn  against  this  lever,  the  block  is  disengaged. 


Fig.  38.  Emergency  Engine  Stop. 


The  photograph  shown  in  Fig.  36  was  taken  prior  to  the  com¬ 
pletion  of  all  the  safety  devices  in  the  mill  and  since  this  time 
the  gear  driving  the  draw  chain  has  been  covered. 

As  an  emergency  engine  stop  we  have  been  using  the  de¬ 
vice  shown  in  Fig.  38.  This  is  entirely  mechanical  and  is  not 
dependent  upon  any  electrical  contacts  or  electric  circuits.  The 
valve  immediately  above  the  throttle  valve  is  held  open  by  the 
taut  rope  which  leads  to  the  stand  close  to  the  belt  wheel,  at 
which  point  it  is  latched.  On  the  far  side  of  the  stand  at  the 
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flv  wheel  is  a  lever  close  to  the  wheel  and  on  the  wheel  is  a 
weight  held  in  position  by  a  spring.  Should  the  speed  of  the 
wheel  exceed  a  pre-deterniined  r.  p.  in.  the  centrifugal  force 
of  the  weight  overcomes  the  spring,  the  weight  is  brought  in 
contact  with  the  lever  in  the  stationary  case,  the  rope  is  un¬ 
latched  and  the  valve  is  closed  by  the  weight  shown  on  the  hori- 


Fig.  39.  Crane  Hook. 


zontal  arm  at  the  valve.  This  has  been  in  successful  use  for 
about  ten  years.  The  slack  line  in  the  photograph  is  an  emer¬ 
gency  line  leading  to  the  engine  by  which  the  engineer  may 
trip  the  latch  and  close  the  valve  promptly  in  case  of  acci¬ 
dent.  In  some  cases  a  number  of  these  lines  are  lead  to  differ¬ 
ent  places  in  the  mill. 
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Mr.  Beyer  in  his  crane  specification  calls  for  a  factor  of 
safety  of  10  for  all  parts  subject  to  dynamic  strains,  and  in¬ 
cludes  hooks  in  this  list.  We  have  found  that  even  this  factor 
of  safety  is  not  sufficient  to  guard  against  breakage.  We  re¬ 
cently  had  a  hook  on  a  150-ton  ladle  crane  fail  while  handling 
an  empty  ladle  weighing  about  30  tons.  When  analyzed  the 
material  showed  0.32  carbon  and  a  good  physical  test.  Mr. 


Fig.  40.  Relief  Valve  Muffler  on  Hot  Blast  Stove. 

L.  R.  Palmer  very  kindly  sent  us  a  print  showing  a  type  of 
laminated  hook  which  is  in  use  in  some  steel  mills  and  which 
we  understand  is  giving  good  service.  We  have  hesitated  to 
try  a  hook  of  this  type  because  of  the  difficulty  of  securing 
sufficient  tie  between  the  plates  to  cause  them  to  act  together, 
feeling  that  the  plates  would  fail  rapidly  in  detail  without  giv¬ 
ing  the  security  which  the  multiple  units  should  provide.  This, 
however,  apparently  is  not  the  case.  A  few  days  after 


Fig.  41.  Safety  House  at  Top  of  Furnace 
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the  first  hook  failed  there  was  another  failure  of  one  on  a 
50  ton  crane  while  carrying  about  40  tons.  This  when  tested 
and  analyzed  showed  0.32  carbon  also  and  a  good  physical  test. 
There  was  nothing  from  the  tests  in  either  case  to  show  the 
reason  for  the  failure.  Our  more  recent  practice  is  to  make 
the  hooks  of  material  lower  in  carbon  than  these  two  analyses 
show  and  to  anneal  them  regularly.  The  second  hook  that  failed 
is  shown  in  Fig.  39,  which  also  illustrates  a  swinging  guard 
around  an  opening  in  the  charging  floor  of  the  open  hearth 
plant  in  front  of  the  receiver,  which  is  placed  below  the  floor. 


Fig.  42.  Safety  Tuyere  Eye  Sight  and  Cap. 


In  the  Blast  Furnace  Department  we  have  a  number  of 
safety  devices  which  are  more  or  less  unique,  some  of  which 
are  shown  in  the  following  photographs : 

,  Fig.  40  shows  a  muffler  which  is  used  on  the  hot  blast  stove 
relief  valves.  This  has  been  very  effective  and  almost  entirely 
silences  the  stoves  when  they  are  blown  off.  Several  accidents 
have  been  caused  by  this  noise,  because  of  the  fact  that  the 
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majority  of  the  stoves  are  close  to  running  tracks  and  men  have 
been  caught  because  of  being  unable  to  hear  approaching  trains. 

Fig.  41  shows  a  safety  house  installed  on  the  level  of  the 
furnace  charging  floor  for  protection  of  men  who  are  on  the 
furnace  top,  in  event  of  a  slip. 


Fig.  43.  Original  Polygot  Danger  Sign  in  Steel  Works. 
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Fig.  42  shows  a  safety  tuyere  eye  sight  and  eye  sight  cap. 
The  glass  is  only  brought  down  in  line  with  the  blow  pipe  when 
it  is  actually  in  use,  and  being  held  securely  in  place,  it  cannot 
blow  off,  as  has  occurred  with  others  which  we  have  tried.  There 
are  several  unique  features  about  the  eye  sight  which  is  shown 
which  are  not  brought  out  in  the  photograph.  The  sight  is 
convenient  and  easily  kept  tight. 

The  Cambria  Steel  Company  has  given  the  matter  of  safety 
appliances  rather  careful  attention  for  a  great  many  years, 
and  Fig.  43  shows  what  we  believe  to  be  the  first  polyglot 
danger  sign  used  in  a  steel  plant.  So  far  as  we  have  been  able 
to  determine,  this  was  issued  about  1889  and  one  or  two  of 
them  are  still  in  use.  During  the  last  ten  years  more  active  at¬ 
tention  lias  been  given  to  guards,  railings  and  stairways  than 
was  given  prior  to  that  time,  and  more  work  is  being  done  to¬ 
day  than  ten  years  ago. 

I  believe  that  the  present  active  campaign  that  is  being 
undertaken  all  over  this  country  for  conservation  of  everything 
which  is  valuable  will  result  in  better  and  safer  working  con¬ 
ditions.  In  some  cases  the  safe  guards  appear  to  have  been  car¬ 
ried  too  far  and  it  is  probable  that  many  which  are  now  being 
installed  will  be  discarded  in  the  next  few  years,  but  the  net 
result  will  be  a  happy  medium  between  the  former  unprotected 
condition  and  the  present  apparently  extreme  condition,  which 
will  combine  the  maximum  safety  and  efficiency  with  minimum 
necessarv  cost. 

Mr.  L.  R.  Palmer •:*  We  have  all  enjoyed  Mr.  Beyer's 
paper  as  well  as  the  points  already  brought  out  in  the  discus¬ 
sion.  Mr.  Marshall  spoke  of  information  furnished  him  regard¬ 
ing  the  laminated  hooks  for  ladle  cranes.  This  information  and 
blue  prints  came  to  me  as  Chairman  of  the  Safety  Committee 
of  the  Association  of  Iron  &  Steel  Electrical  Engineers,  and  was 
furnished  by  the  Illinois  Steel  Co.  and  American  Steel  &  Wire 
Co.  I  first  saw  these  laminated  hooks  in  service  at  the  South 
Works  of  the  Illinois  Steel  Co.  about  October,  1910.  Mr.  R.  J. 
Young,  Manager  of  their  Safety  Department  advises  me  by  let- 

♦Safety  Inspector,  Jones  &  Laughlin  Steel  Company,  Pittsburgh. 
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ter  just  received  that  these  hooks  have  been  in  service  for  more 
than  a  year  and  are  giving  excellent  satisfaction.  Mr.  Beyer 
very  kindly  furnished  the  following  specifications  as  the  class 
•of  steel  used  in  the  hook  of  this  type  recently  installed  in  some 
four  or  five  of  their  plants: 

BASIC  CHAIN  STOCK. 

Carbon  . 0.10  and  under. 

Manganese  . 0.35  to  0.45. 

Sulphur . 0.045  and  under. 

Phosphorus  . 0.040  and  under. 

This  analysis  seems  to  meet  with  the  approval  of  all  the  en¬ 
gineers  with  whom  I  have  discussed  the  subject. 

Too  careful  attention  cannot  be  paid  to  such  details.  The 
ladle,  crane  in  the  steel  works  is  a  dangerous  piece  of  machinery 
at  best,  and  demands  the  engineer’s  most  careful  thought.  We 
have  for  safety’s  sake  substituted  cables  for  chains  on  these 
cranes  wherever  we  have  been  called  upon  to  make  new  instal¬ 
lations.  Where  old  cranes  are  still  equipped  with  chains,  a  well 
made  chain  must  be  installed,  and  inspected  daily.  It  seems  to 
be  a  general  rule  throughout  the  iron  and  steel  industry  to 
anneal  all  crane  chains  and  sling  chains  every  three  to  six 
months.  In  some  cases,  where  the  service  permits  the  chains  are 
reversed  end  for  end,  so  that  the  wear  is  not  accumulated,  the 
greater  wear  usually  occurring  where  the  chains  run  over  the 
drum.  To  those  who  are  not  already  familiar  with  the  Univer¬ 
sity  of  Illinois  Bulletin  No.  18,  I  recommend  it  as  containing 
some  very  valuable  data  on  “the  strength  of  chain  links.” 
I  have  no  doubt  that  you  will  find  this  bulletin  in  the  Society’s 
library. 

Some  of  the  photographs  shown  in  the  Bulletin,  however, 
indicate  that  at  that  date  the  University  Shop  had  not  ac¬ 
quired  the  “safety  habit.”  You  will  note  some  unguarded 
gears  in  the  foreground  on  pages  14  and  15.  Another  item  of 
interest  to  the  steel  worlds  engineer  is  the  proper  steel  for  cold 
saws.  The  following  is  the  specification  recently  received  from 
the  Illinois  Steel  Co.  covering  the  class  of  steel  used  for  cold 
saws  at  their  works: 
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Carbon . 0.35  to  0.45 

Manganese  . 0.35  to  0.50 

Phosphorus . Under  0.03 

Sulphur . Under  0.03 

Silicon  . Between  0.010  and  0.05 


The 

following 

data 

as  to  speeds 

was  also 

furnished. 

Size — 

-Inches 

Peripheral 

Speed — ft.  per  min. 

Maximum 

Minimum 

Kind 

R.  I\  M.  Maximum 

Minimum 

Average 

42 

40 

Hot 

1800 

19793 

18849 

19321 

41 

37 

Cold 

2000 

21468 

19373 

20420 

42 

36 

Hot 

1534 

16868 

14483 

15676 

42 

39 

Cold 

2026 

222S0 

20682 

21481 

52 

47 

Hot 

1680 

22870 

20672 

21771 

52 

47 

Cold 

16S0 

22870 

20672 

21771 

A  word  about  machine  tools;  the  photographs  and  cuts  you 
see  on  the  opposite  wall  may  be  used  as  examples  of  the  evolu¬ 
tion  in  machine  tool  building.  The  most  of  these  manufacturers, 
have  lived  up  to  the  idea  with  which  we  are  all  agreed  that  the 
proper  time  to  guard  a  gear  is  when  the  machine  is  “on  paper." 
Some  of  these  machines  show  a  marked  departure  from  the  old 
“wide  open"  machine,  sometimes  called  “the  hungry  type";  in 
contrast,  consider  a  half-way  job,  with  gears  poorly  guarded. 
Such  a  design  reminds  one  of  the  story  of  the  man  who  cut  off 
the  dog's  tail  a  piece  at  a  time,  “so  it  wouldn't  hurt  so  much." 
I  do  not  believe  it  would  have  hurt  this  manufacturer's  pocket- 
book  nearly  “so  much"  if  he  had  made  a  job  of  it  in  one  cut. 
I  know  of  no  safety  department  today  that  would  approve  the 
purchase  of  such  a  machine  without  the  understanding  that 
all  gears  be  entirely  protected,  and  it  is  good  advice  at  this  point 
to  say  that  the  best  way  to  keep  out  of  the  grasp  of  the  law  is  to 
keep  ahead  of  it. 

In  contrast  to  such  work  the  catalogs  showing  some  large 
planers  and  lathes  of  recent  type,  manufactured  by  a  well 
known  firm  in  New  York  show  excellent  designs  for  safety.  On 
paper  they  seem  to  be  works  of  art.  and  I  wish  to  compliment 
the  engineer  who  designed  them. 

The  lines  shown  on  these  machines  prove  that  a  well  de¬ 
signed  gear  guard  can  add  much  to  the  appearance  of  the  ma¬ 
chine.  One  point  I  note,  however,  that  they  have  not  installed 
a  safety  plate  in  the  bed  plate  of  one  of  the  large  planers  shown. 
This  point,  however,  will  be  taken  care  of,  I  am  sure,  as  1  am 
advised  that  their  attention  has  already  been  called  to  it. 
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I  might  bring  out  a  few  points  that  perhaps  Mr.  Beyer, 
through  his  modesty,  refrains  from  placing  before  us.  We  know 
he  is  a  modest  young  man,  as  he  lias  confessed  to  us  in  his 
paper  that  he  was  shocked  by  220  volts.  The  IT.  8.  Steel  Corpor¬ 
ation  has  done  much  for  safety  in  the  iron  and  steel  industry. 

«  * 

and  deserve  the  highest  commendation  for  their  good  work;  also 
for  the  generous  way  they  have  of  sharing  useful  information. 
I  am. in  no  way  connected  with  the  Corporation,  and  feel  free  in 
speaking  as  I  do.  It  only  corroborates  the  sentiment  already 
expressed  this  evening. 

Today,  twenty-three  hundred  men  are  alive,  well  and  work- 
ing  for  the  Steel  Corporation,  who,  had  this  safety  work  not 
been  raised  to  its  present  standard,  would  either  have  been  fatal¬ 
ly  or  permanently  and  seriously  injured  during  the  past  year  of 
1911.  This  to  me  is  the  ideal  form  of  “compensation."  These- 
figures  inspire  the  engineer  to  further  efforts  toward  safety. 

In  some  classes  of  accidents  there  has  been  a  reduction  sine*- 
1907  of  44  percent  throughout  the  entire  Steel  Corporation. 
This  figure,  however,  according  a  report  from  the  Department 
of  Commerce  and  Labor,  is  in  excess  of  the  percentage  for  tin* 
same  class  in  the  iron  and  steel  industry  in  Germany.  Our 
progress  in  this  country  thus  far  is,  in  a  great  measure,  due  t<> 
earnest  and  efficient  work  of  such  men  as  Messrs.  Beyer.  Close. 
Young,  Smith,  Barr.  Price,  Cameron.  Richards,  Hamilton. 
Bradshaw,  Clarke,  Boyd,  Schwedtman,  Calder,  Hoffman,  Van 
Shaack.  Andrews,  Tolman,  Kirchhoff.  Ilutton,  Martin,  Chaney 
Neil,  Wilson,  Nagel,  and  others  whom  I  have  not  had  the  pleas¬ 
ure  of  coming  in  touch  with  so  far.  These  men  have  set  tin- 
pace  and  are  setting  the  standard  higher  and  higher  each  year. 

Some  of  the  results  that  their  work  has  accomplished  are: 


INFORMATION  RECEIVED  BY  THE  SAFETY  COMMITTEE  OF  THE 

A.  I.  &  S.  E.  E. 

Examples  in  the  Iron  &  Steel  Industry.  ( All  different  eompanie  s) 


Example 

Description 

Percent 

A 

Reduction 

of 

fatal  accidents 

(1911  vs.  1910) 

83.0- 

B 

Reduction 

of 

serious  accidents 

(1911  vs.  1907) 

75.0 

C 

Reduction 

of 

fatal  accidents 

(1910  vs.  1907) 

68.0 

D 

Reduction 

of 

serious  accidents 

(1910  vs.  1902) 

66.0- 

E 

Reduction 

of 

fatal  accidents 

(1911  vs.  1907) 

50. (V 
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Examples  furnished  by  one  of  our  best  Railway  Systems. 


F  Reduction  in  number  of  repairmen 

and  inspectors  killed  (1911  vs.  1910)  80.0 

G  Red.  in  no.  station  men  killed  “  75.0 

H  Red.  in  no.  passengers  killed  “  66.0 

I  Red.  in  no.  trainmen  killed  “  50.0 

J  Red.  in  no.  trainmen  injured  -  “  40.0 

K  Red.  in  no.  switchmen  killed  “  40.0 

L  Red.  in  no.  bridgemen  injured  “  .  34.0 

M  Red.  in  no.  trackmen  injured  “  29.0 

N  Red.  in  no.  switchmen  injured  “  18.0 

O  Red.  in  no.  stationmen  injured  “  12.0 

P  Red.  in  no.  Shop  &  Roundhouse  men  inj.  “  10.0 

Q  Red.  in  no.  passengers  injured  “  7.5 

R  Red.  in  no.  outsiders  injured  “  4.5 


Mines  of  Pennsylvania. 

1899-1909 — Fatalities  per  1000  men  per  year,  3.54. 

1909 —  Fatalities  per  1000  men  per  year,  3.54. 

1910 —  Fatalities  per  1000  men  per  year,  3.09. 

(The  Honor  Roll  established  by  Chief  Roderick  is  worthy  of  close  study.) 

The  following  from  the  American  Museum  of  Safety. 

COMPARISON  OF  FATAL  ACCIDENTS  IN  COAL  MINING 

1897  to  1906 


Total  No.  of  Employees  Fatal  Accidents 
Country.  at  work  in  one  Year  Number  Rate  per  1000 

North  America  .  5,179,343  16,273  3.13 

Prussia  .  4,389,174  9,327  2.13 

France  .  1,629,177  2,944  1.81 

Great  Britain  &  United  Kingdom  7,973,031  10,319  1.29 

Belgium  . 1,322,516  1,401  1.06 

Austria  .  1,186,510  1,599  1.35 


These  are  figures  that  affect  the  industrial  efficiency  of  our 
country. 

The  subject  of  efficiency  is  always  of  interest  to  the  engi¬ 
neer,  and  I  believe  you  will  agree  that  the  following  figures  are 
worthy  of  your  consideration: 

A  Minnesota  Commission  reports  that  out  of  $95,000,000  paid  by 
Industry  to  Liability  Insurance  Companies  for  a  period  of  years,  only 
$28,500,000  reached  the  workman.  Efficiency  30  percent. 

The  State  of  New  York  paid  $36,000,000  of  the  taxpayer’s  money 
to  gain  for  the  injured  workmen  $900,000  compensation  awarded  them 
by  the  Court.  Efficiency  2 Vz  percent. 

The  Washington  State  Commission  reports  that  of  the  $1,000,000 
paid  in  yearly  by  the  Employers  of  each  of  our  large  industrial  states, 
only  20  to  25  percent  reaches  the  working  people.  Efficiency  20  to  25 
percent. 
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What  engineer  can  respect  such  methods?  Samuel  Johnson 
has  said,  “The  law  is  the  last  result  of  human  wisdom  acting 
upon  human  experience  for  the  benefit  of  the  public.” 

Surely  we  have  not  reached  “the  last  result”,  but  have 
hardly  reached  the  borderland  of  “wisdom.”  Mr.  Engineer, 
apparently  we  have  a  bad  power  factor;  too  many  cross  cur¬ 
rents;  perhaps  a  few  “dampers”  judiously  applied,  and  our  ca¬ 
pacity  increased  by  a  liberal  amount  of  co-operation  might 
raise  our  efficiency. 

We  could,  at  present,  hardly  synchronize  with  our  German 
cousins.  Let  us  turn  the  search  light  in  their  direction. 

The  National  Association  of  Manufacturers  reports : 

Of  a  total  sum  of  $2,663,000,000  contributed  in  25  years  of 
social  insurance  in  Germany,  $1,918,000,000  reached  the  workman  as 
compensation.  Efficiency  72  percent. 

By  Comparison. 

United  States,  Efficiency  25  percent.  Loss,  75  percent. 

German,  Efficiency  72  percent.  Loss,  28  percent. 

Surely  Samuel’s  loss  is  William’s  gain. 

In  order  to  correct  their  “power  factor”  thirteen  states 
have  already  enacted  accident  insurance  laws.  Ten  of  these  dur¬ 
ing  the  past  year,  1911.  A  uniform  reporting  of  accidents 
has  been  recommended  by  various  state  bureaus  of  labor.  Should 
this  system  be  adopted,  we  could  read  our  “Peaks”  and  perhaps 
locate  some  of  our  “Leaks.” 

In  six  different  states  bills  were  enacted  last  year  requiring 
physicians  to  report  occupational  diseases. 

The  Second  National  Congress  on  Industrial  Diseases  will 
be  held  at  Atlantic  City,  N.  J.,  June  3rd  to  5th,  1912. 

An  Industrial  Accident  Commission  has  been  appointed  by 
Governor  Tener. 

Truly  one  must  be  blind  indeed  if  he  cannot  read  the  signs 
of  the  times.  “The  hand-writing  on  the  wall.” 

In  conclusion,  I  wish  to  say  I  am  fully  in  accord  with  all 
Mr.  Beyer’s  views.  We  have  discussed  them  many  times  to¬ 
gether,  and  I  am  sincerely  grateful  to  him  for  his  hearty  co¬ 
operation.  The  principles  he  has  laid  down  are  broad  of  appli¬ 
cation,  and  practical  of  administration.  May  they  be  carefully 
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considered  and  thoroughly  applied.  These  rules  and  specifica¬ 
tions  have  undergone  a  stage  of  evolution.  They  are,  in  their 
present  degree  of  refinement,  “ safety  considerations,"  which,  in 
t lie  hands  of  the  engineer,  should  assume  the  form  of  co-operative 
standards,  dynamic  forces  to  work  to  the  general  good,  and  mon¬ 
uments  to  the  combined  efforts  of  the  Engineer,  the  Manufac¬ 
turer,  the  Operator  and  the  State.  This  accomplished,  an  epoch 
is  marked  in  the  industrial  life  of  our  Nation.  This  system  of 
•evolution  has  not  been  confined  to  any  one  branch  of  our  coun¬ 
try’s  development. 

Our  forests,  our  farms,  our  mines,  our  mills  have  alike 
undergone  their  season  of  evolution ;  have  paid  their  tribute  to 
the  pioneer,  and  now,  under  the  light  of  science,  are  coming  to 
obey  the  law  of 

Conservation 

Efficiency 

Safety 

The  field  of  safety  is  broad  and  fertile;  it  is  open  to  the 
•engineer;  may  he  arise  to  the  occasion. 

Mr.  G.  F.  Downs*:  I  have  read  Mr.  Beyer’s  paper  with 
much  interest.  We  (piite  agree  with  Mr.  Beyer  that  engineers 
should  have  an  important  part  in  the  planning,  installing  and 
in  the  maintenance  of  industrial  safeguards  for  the  prevention 
of  personal  injury.  Their  ideas,  as  a  rule,  are  much  more  prac¬ 
tical  and  applicable  and  the  cost  is  usually  considerably  less. 
We  frequently  note  instances  where  a  mill  is  constructed  or  ma¬ 
chinery  installed  wherein  certain  safety  devices  cannot  possibly 
be  applied,  but  where  the  engineer  in  preparing  his  plans,  with 
safety  devices  in  mind,  could  have  provided  for  otherwise  im¬ 
possible  safety  devices  with  little  or  no  additional  cost.  An 
engineer  with  the  idea  of  safety  constantly  in  mind  is  a  val¬ 
uable  employee  from  both  a  humanitarian  and  economical  view¬ 
point.  At  Lackawanna  we  aim  to  make  every  engineer  in  our 
employ  understand  that  safety  is  as  important  and  necessary  as 
.any  other  part  of  their  work  and  must  be  given  equally  as  much 
thought  and  attention. 

*General  Superintendent,  Lackawanna  Steel  Company,  Buffalo,  N.  Y. 
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A  safety  device  perfected  by  a  competent  engineer  is  hound 
to  show  gratifying  results  in  your  production  cost. 

The  idea  of  Safety  Standardization  is  a  coming  necessity 
and  Mr.  Beyer’s  views  on  this  subject  are  in  accord  with  our 

own. 

Regarding  the  use  of  Rooks  of  Rules  and  Regulations:  We 
have  had  in  use  at  Lackawanna  for  the  past  seven  years,  a  hook 
of  Rules  and  Regulations  for  the  Government  of  Employes. 
This  set  of  rules  is  intended  for  the  prevention  of  personal  in¬ 
jury,  principally,  and  we  found  it  so  effective  that  two  years 
ago  we  had  it  translated  into  the  four  foreign  languages  com¬ 
mon  to  most  of  the  foreigners  in  our  employ  and  now  all  of  our 
employes  are  supplied  with  a  hook  of  rules  which  they  can  read. 

These  rules  have  all  been  passed  on  hy  our  engineering  de¬ 
partment.  Xo  rules  pertaining  to  machinery  or  anything  me¬ 
chanical  are  put  into  effect  unless  they  are  approved  hy  a  com¬ 
petent  engineer.  We  think  rules  put  out  in  pamphlet  form  or 
printed  on  cards  and  posted  in  various  places  about  the  works 
are  not  so  uniformly  distributed  and  less  effective  unless  it  he 
a  notice  which  applies  solely  to  the  particular  point  where  it  is 
posted,  such  as  crossing  signs,  etc. 

The  law  in  this  state  regarding  the  covering  of  gears  is 
such  that  the  fact  that  a  man  is  injured  hy  being  caught  in  a 
moving  gear  is  prima  facie  evidence  of  neglect  on  the  part  of 
his  employer.  We  believe  in  the  entire  covering  of  gear  wheels 
as  the  only  sure  way  of  preventing  personal  injury  from  gears 
and  subsequent  legal  controversy  sure  to  arise  therefrom. 

That  portion  of  Mr.  Beyer’s  paper  on  Electrical  Apparatus 
is  good.  His  points  are  all  well  taken.  He  is  right  regarding 
the  minimum  limit  of  voltage  considered  unsafe.  There  should 
he  none.  It  has  been  proven  that  a  slight  shock  may  cause  ser¬ 
ious  personal  injury. 

Regarding  automatic  machinery  stops,  we  do  not  consider 
them  effective  where  steam  power  is  used  for  the  accident  will 
have  occurred  long  before  tin*  momentum  of  the  machinery 
ceases.  While  we  do  not  use  a  push  button  arrangement  at 
Lackawanna  for  stopping  a  motor  in  emergency,  it  is  the  prac- 
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tice  to  locate  all  switch  boxes  in  plain  sight  and  in  a  position 
easily  accessible  in  case  of  emergency. 

The  subject  of  the  protection  of  the  projecting  setscrew  is 
'a  most  important  one.  Our  experience  at  Lackawanna  has 
taught  us  that  the  only  safe  and,  at  the  same  time,  practical 
set  screw  is  the  original  projecting  type  protected  by  a  wooden 
collar.  We  were  one  of  the  many  who  purchased  a  supply  of  the 
hollow  screws  with  the  hexagonal  aperture  before  getting  the 
opinion  of  an  unbiased  engineer  as  to  whether  or  not  they  would 
“make  good.”  We  found  that  the  screws  would  not  do  the 
work  for  the  same  reasons  described  by  Mr.  Beyer  with  the  re¬ 
sult  that  we  still  have  a  good  supply  of  the  screws  on  hand. 
We  keep  a  supply  of  the  standard  sizes  of  wood  collars  on 
hand.  Although  I  have  heard  the  wooden  collar  protection  de¬ 
nounced  for  the  reason  that  they  would  split  off  and  leave  the 
screw  unprotected,  we  have  watched  them  very  closely  and 
have  had  no  such  trouble. 

The  objection  we  find  to  the  countersunk  set  screw  is  that 
it  is  difficult  to  get  the  men  to  use  them,  the  ever-ready  monkey 
wrench  being  usually  handier  than  a  socket  wench,  in  which 
event  they  will  always  apply  the  projecting  screw.  This  dan¬ 
gerous  practice  could  be  stopped  if  the  guilty  party  could  be 
apprehended,  but  while  the  foreman  of  the  shop  or  mill  or  the 
safety  inspectors  discovers  the  screw  after  it  has  been  in  service 
an  uncertain  length  of  time  he  can  seldom  find  the  fellow  who 
placed  it  there. 

Mr.  Beyer  ’s  rules  for  boiler  plant  design  and  operation  are 
concise  and  very  interesting.  So  much  so  that  I  have  taken 
the  liberty  of  supplying  each  of  our  boiler  house  foremen  with 
a  copy  with  instructions  to  ‘  ‘  read  carefully  ’  ’  and  see  if  they 
cannot  improve  themselves  somewhat  on  their  knowledge  of  the 
subject. 

The  “ Specifications  for  Elevators”,  “ Safety  Specifications 
for  Electric  Traveling  Cranes”,  and  “Safety  Specifications  for 
Engines  and  Boilers  ’  ’  show  the  result  of  careful  study  and  much 
work.  They  all  contain  very  good  points  and  valuable  informa¬ 
tion  for  anyone  interested  in  industrial  safety. 
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Mr.  J.  R.  Brownell+  :  If  I  were  to  undertake  to  speak  at 
any  length  upon  this  subject  after  the  excellent  paper  we  have 
listened  to,  I  am  sure  you  would  be  in  the  frame  of  mind  of 
the  Irish  Boss,  who  was  entertaining  a  walking  delegate  on  the 
job,  when  one  of  his  workmen  kept  interrupting  him  until  he 
could  stand.it  no  longer  and  he  said,  “Now,  Pat,  all  I  want  from 
you  is  silence,  and  dom  little  of  that.” 

I  will  say  that  our  plant  is  doing  a  considerable  amount  of 
work  along  safety  lines.  We  have,  of  course,  followed  some¬ 
what  along  the  beaten  path  that  has  been  blazed  by  the  ex¬ 
cellent  work  of  the  U.  S.  Steel  Corporation.  We  have  attempt¬ 
ed  to  guard  all  gears.  We  have  installed  a  great  many  of  the 
standard  ideas  of  the  companies  which  have  been  before  us  in 
this  work,  but  we  had  no  active  safety  department  until  a  year 
ago.  But  the  question  had  been  agitated  and  about  two  and 
one-half  years  ago  work  was  begun  along  these  lines.  It  was, 
however,  somewhat  haphazard  until  the  Department  was  estab¬ 
lished.  I  feel  certain  that  through  the  installation  of  some 
simple  little  guardings  we  have  saved  many  serious  accidents. 
The  safety  engineer  can  never  tell  how  many  lives  he  has  saved, 
he  can  only  guess  at  it;  but  certain  it  is  that  the  proportion  of 
serious  accidents  is  less  because  of  these  guards. 

The  need  of  standardizing  safety  devices  is  a  vital  one, 
and  the  subject  will  have  to  be  given  proper  attention  before  the 
state  factory  laws  can  be  rightly  interpreted  or  enforced. 

Mr.  Beyer’s  reference  to  the  factory  law  which  says  that 
all  machines  shall  be  guarded  “if  in  the  opinion  of  the  Factory 
Inspector”  they  need  guarding,  has  brought  out  the  point  very 
clearly  of  the  almost  total  lack  of  definition  as  to  what  shall 
constitute  a  sufficient  guard. 

I  think  there  should  by  all  means  be  an  association  formed 
of  the  Safety  Departments  of  our  various  industries,  in  order 
that  mutual  aid  may  be  gained,  and  I  believe  that  nothing  would 
so  successfully  work  out  the  problems  connected  with  standard¬ 
ization  as  such  an  organization. 

tSafety  Inspector,  Pennsylvania  Steel  Company,  Steelton,  Pa. 
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Mr.  Albert  Kingsbury  :*  I  might  say  a  word  in  reference 
to  the  matter  of  hooks.  The  actual  stresses  in  hooks  of 
ordinary  forms  are  very  considerably  greater  than  was  form¬ 
erly  assumed.  There  have  been  a  number  of  investigations  re¬ 
cently,  both  theoretical  and  experimental,  the  results  indicating 
that  in  average  forms  of  hooks  the  stresses  are  about  50  per¬ 
cent  higher  than  the  ordinary  formulae  for  combined  stress 
would  indicate.  This  is  due  to  the  curved  form  of  the  hook, 
while  the  common  formulae  apply  only  to  prismatic  forms.  This 
may  account  for  some  of  the  failures  of  hooks  and  similar  de¬ 
vices  that  have  occurred.  Professor  Goodman’s  experiment  and 
analysis  of  the  strength  of  hooks  are  recorded  in  ‘  ‘  Engineering :  ’ 
(London)  Oct.  18,  1901,  and  in  the  Proceedings  of  the  Insti¬ 
tution  of  Civil  Engineers,  Vol.  167,  1906. 

Prof.  S.  L.  Goodale  :+  Mr.  Beyer  has  presented  the  mat¬ 
ter  of  safety  so  well  that  there  seems  to  be  comparatively  little 
left  to  add  to  it  at  present;  but  his  mention  of  the  need  of 
standardization  was  so  brief  that  I  do  wish  tc  call  attention  to 
some  positive  dangers  that  are  sure  to  arise  from  lack  of  uni¬ 
formity  in  plants  otherwise  splendidly  safeguarded. 

The  better  guarded  a  plant  is,  the  more  will  men  come  to 
rely  on  these  safeguards,  and  the  less  will  they  be  on  the  look¬ 
out  for  danger.  So  that  any  unguarded  piece  in  such  a  plant 
is  a  greater  menace  than  a  similar  unguarded  piece  in  a  plant 
where  few  safeguards  exits.  This  emphasizes  very  strongly  the 
need  for  thoroughness  in  guarding  machinery.  Lack  of  uni¬ 
formity  may  itself  constitute  a  positive  danger.  If  a  man  who 
has  come  to  rely  on  a  certain  placing  of  safety  parts  about  his 
machine  is  changed  to  another  similar  machine,  he  w^ould  almost 
instinctively  in  case  of  accident  turn  to  the  safety  lever  or  but¬ 
ton  or  rope  as  placed  on  his  usual  machine,  and  if  a  different 
arrangement, — perhaps  of  itself  just  as  good  as  any, — existed 
on  this  second  machine,  the  man  is  apt  to  be  confused  by  the 
change,  not  know  what  to  do,  and  thus  be  subject  to  actual 
danger,  really  through  no  fault  of  his  own,  and  on  a  safeguarded 
machine.  This  sort  of  thing  might  occur  in  a  boiler  plant  where 

♦Consulting  Engineer,  Pittsburgh. 

tProfessor  of  Metallurgy,  University  of  Pittsburgh. 
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walks  or  valves  are  placed  differntly  for  different  boilers.  It  oc¬ 
curs  in  the  great  variety  of  couplings  on  freight  cars.  It  reminds 
me  of  the  remark  of  a  horticulturist  in  regard  to  tree  surgery, 
that  if  one  started  to  interfere  with  nature  nothing  short  of  con¬ 
stant  vigilence,  care  and  work  would  bring  success,  no  less  true 
of  safety  appliances. 

Mr.  Ward  Bonsall  :$  I  am  constrained  to  start  with  the 
explanation  that  I  have  had  but  a  few  hours  to  prepare  for 
speaking  on  this  subject,  as  I  was  not  asked  to  do  so  until  this 
afternoon,  and  I  have  not  had  time  even  to  read  over  the  New 
York  case  in  which  one  of  these  recent  compensation  laws  was 
held  unconstitutional  before  coming  here  to  tell  you  what  the 
present  tendency  of  the  law  is.  But  if  you  will  bear  with  me 
a  few  minutes,  I  will  outline  in  a  broad  way  what  that  tendency 
seems  to  be  at  the  present  time. 

In  order  to  do  so  I  think  it  would  be  wall  to  give  you  in  a 
very  few7  words  the  state  of  the  present  law,  the  common  law. 

It  is  with  considerable  of  a  shock  that  the  old  fashioned 
lawyer  contemplates  these  new  acts  that  have  passed  in  ten  or  a 
dozen  of  the  states  within  the  last  two  or  three  years.  He  can¬ 
not  understand  how  it  is  that  a  man  that  has  not  done  anything 
wrong  can  be  made  to  pay  damages,  and  he  cannot  understand 
how  it  is  that  payments  can  be  ordered  by  the  law  to  a  man  who 
perhaps  admittedly  has  been  at  fault  himself  in  an  employment. 
For  the  common  law  was  this:  In  the  first  place  the  man  that 
was  injured  and  went  into  court  had  to  show  to  the  court  that  his 
master  was  negligent.  We  call  him  the  master,  in  law,  because 
all  of  these  laws  come  from  the  eighteenth  century  when  they 
used  those  terms.  In  answer  to  that,  the  master  could  set  up 
as  a  defense,  first,  that  he  was  not  negligent.  If  he  could  prove 
that  he  was  not  guilty  of  negligence,  then  no  matter  if  the  man 
were  injured  without  his  own  fault  in  any  way,  he  could  not 
recover.  If  the  master  could  not  show  that  he  was  not  negligent, 
he  could  then  fall  back  on  several  other  defenses,  one  of  which 
was  contributory  negligence,  namely,  that  the  plaintiff  himself 
was  to  some  extent  negligent  in  the  matter  and  contributed  by 
liis  negligence  to  some  extent,  no  matter  how  little,  to  cause 

{Attorney,  Oliver  Building,  Pittsburgh. 
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the  injury.  If  the  master  could  show  that  there  was  any  negli¬ 
gence  whatever  on  the  part  of  the  servant,  no  matter  how  little, 
that  did  actually  contribute  to  cause  the  accident,  then  he  was 
entirely  relieved  from  liability,  no  matter  how  negligent  he 
was.  I  submit  to  you  that  that  is  not  right,  and  I  submit 
further  to  you  that  that  rule  of  the  common  law  is  not  neces¬ 
sary.  The  common  law  did  not  need  to  hold  that.  It  was  not 
necessarily  logical.  You  can  see  that  from  considering  for  a 
moment  the  maritime  law  in  regard  to  negligence.  "When  two 
ships  collide,  if  one  were  negligent  and  the  other  were  not, 
of  course,  the  negligent  one  not  only  suffered  all  the  damage 
that  it  had  received,  but  it  paid  the  other  ship ’s  damage.  But 
when  there  was  contributory  negligence  on  the  part  of  both 
ships,  then  the  law  divided  the  actual  damage  between  the  two, 
not  in  proportion  to  the  negligence  but  in  proportion  to  the 
value  of  the  ships  and  the  value  of  their  cargoes.  And  this 
was  not  statutory  law,  it  grew  up  in  the  same  way  the  com¬ 
mon  law  did,  based  upon  rules  laid  down  by  the  judges.  So  that 
it  was  not  necessary  for  the  common  law  to  introduce  this  very 
outrageous  doctrine  of  contributory  negligence.  The  maritime 
law  did  not  have  it. 

If  the  master  could  not  show  that  the  servant  was  negli¬ 
gent  he  could  always  fall  back  on  other  defenses.  He  could 
say  “You  were  not  negligent  but  your  fellow  servant  was,  and 
it  was  through  his  negligence,  not  wholly  through  mine,  that 
you  were  injured.' ’  That  is  known  as  the  fellow  servant  rule. 
If  he  could  show  negligence  on  the  part  of  a  fellow  servant  he 
was  released  entirely,  no  matter  how  negligent  he  was.  I  sub¬ 
mit  to  you  also  that  that  is  not  right. 

But  the  master  had  still  another  defense  at  common  law. 
This  defense,  by  the  wav,  did  not  come  from  the  eighteenth  cen- 
turv  but  is  a  modern  defense  that  has  been  introduced  into  our 
law  since  the  large  factories  and  large  undertakings  in  industry 
and  trade  have  grown  up.  Even  if  the  master  could  not  show 
contributory  negligence  of  the  plaintiff  or  negligence  of  a  fel¬ 
low  servant,  nevertheless  if  he  could  show  that  the  accident  was 
caused  by  what  is  called  a  risk  of  the  business ,  then  the  servant 
was  the  whole  sufferer,  and  he  could  not  recover  compensation 
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for  the  injury  from  the  master.  So  that  the  master  had  every¬ 
thing  his  own  way.  The  employer  was  protected  by  the  law. 
h  was  only  when  the  servant  had  the  clearest  kind  of  a  case 
that  he  could  revover.  And  I  believe  statistics  show  that  not 
in  more  than  ten  or  fifteen  percent  of  the  cases  brought  for 
damage  for  personal  injury  is  there  liability  under  the  com¬ 
mon  law.  So  that  really  the  employees,  the  working  classes, 
have  to  bear  the  risk  of  the  accidents  of  industry;  they  have 
to  suffer  for  carrying  on  the  business  of  the  community.  And 
the  accidents  in  modern  business  are  increasing.  Through  the 
stress  and  strain  of  highly  organized  business  they  are  inevitable. 
Year  by  year  there  is  a  stated  number  of  them  that  happen. 
It  is  said  that  whereas  thirty  or  forty  years  ago  there  was  per¬ 
haps  one  fatal  accident  in  erecting  a  building,  now  there  is  a 
fatal  accident  for  every  floor  of  the  building. 

Accidents  are  increasing  and  there  has  not  been  any  law 
until  very  recently,  or  any  incentive,  to  make  the  employer  in¬ 
troduce  these  safety  devices  of  which  we  have  been  hearing  this 
evening,  because  the  employers  were  unduly  protected  by  the 
law.  Recently  the  Supreme  Court  has  passed  on  the  validity  of 
a  certain  statute  passed  by  the  National  Congress  in  regard 
to  employers’  liability,  and  upheld  the  law  as  constitutional. 

One  of  the  newspapers  out  in  the  middle  west  published  a 
cartoon,  perhaps  some  of  you  have  seen  it.  The  moment  the 
Supreme  Court  upheld  that  law,  all  the  employers,  the  railroad 
magnates,  the  persons  at  the  head  of  large  industrial  establish¬ 
ments,  ran  with  their  coat  tails  flying  to  the  nearest  store 
where  they  sold  safety  devices  in  order  to  install  them  in  their 
plants.  That  cartoon  is  a  sad  commentary  upon  the  care  that 
many  employers  have  taken  in  the  past  of  the  safety  and  wel¬ 
fare  an£  lives  of  their  employees. 

These  new  acts  are  a  very  great  departure.  They  do  away 
with  those  three  defenses  of  contributory  negligence,  fellow 
servant  rule  and  risk  of  the  trade,  and  the  employers  in  the 
most  recent  of  those  acts  are  given  the  option  of  insuring  and 
the  right  to  limit  the  amount  of  compensation  to  be  paid  to 
certain  fixed  sums,  not  over  certain  fixed  amounts.  For  in¬ 
stance  for  a  death  those  amounts  in  different  states  run  from 
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$3,000  to  $5,000.  At  common  law  there  was  never  any  limit 
to  the  compensation  except  in  case  of  death.  At  common  law 
there  could  not  be  any  recovery  by  anybody  in  case  of  death. 
But  of  course  that  rule  has  been  broken  into  long  ago  by 
statutes  in  the  different  states,  and  those  statutes  in  some  cases 
limited  the  recovery  in  case  of  death  to  $5,000,  in  others  to 
$10,000,  and  in  Pennsylvania  there  is  no  limit  at  all;  it  simply 
threw  it  open  to  the  wife  and  children  to  sue  for  whatever  they 
were  damaged,  as  high  or  as  low  as  they  could  prove  to  the 
jury.  But  these  new  acts  limit  the  amount  of  compensation  that 
may  be  recovered,  a  very  new  and  peculiar  thing  in  the  law. 
They  generally  give  the  employer  the  right  to  refuse  to  act 
under  them  by  filing  a  paper  with  the  proper  state  authorities, 
but  if  he  does  so  he  can  not  take  advantage  of  those  three  de¬ 
fenses.  They  do  not  absolutely  change  the  common  law  as 
to  the  three  defenses,  although  they  do  in  some  states,  but 
where  they  set  a  definite  and  limited  compensation,  as  is  the 
case  in  a  number  of  these  new  compensation  acts,  they  require 
that  the  employer  shall  either  pay  that  compensation  or  if  he 
refuse  to  pay  he  shall  have  his  defenses  taken  away  from  him. 

Now  I  do  not  know  whether  this  compensation  is  to  be  paid 
in  the  absence  of  any  negligence  or  whether  it  will  still  be 
necessary  for  the  plaintiff  to  prove  negligence.  Some  of  the 
orators  of  the  National  Manufacturers  Association  that  we 
have  been  hearing  about  in  the  last  year  have  said  that  if  the 
cook  in  your  kitchen  burns  her  fingers  she  could  get  compensa¬ 
tion  from  the  employer  if  it  cause  her  injury ;  that  the  slightest 
injury,  no  matter  whether  the  employer  were  negligent  or  not, 
or  guilty  in  any  way,  wilfully  or  carelessly,  or  not,  he  would  be 
liable.  I  do  not  know  whether  that  is  the  law  or  not.  I  do 
not  think  any  of  us  will  know  the  exact  limitations  of  these  new 
compensation  acts  until  after  a  considerable  period  of  time  has 
passed  and  the  courts  have  been  enabled  to  pass  on  them.  Some 
of  the  new  compensation  acts,  however,  provide  that  they  shall 
not  apply  to  domestic  servants  and  to  farm  hands. 

Several  years  ago,  I  think  during  the  administration  of 
Gov.  Hughes  in  New  York  State,  the  so-called  Wain wright 
Committee  was  appointed  to  study  this  question  of  workmen’s 
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compensation  laws,  and  as  a  result  of  that,  in  1910,  the  State 
of  New  York  passed  the  first  thoroughgoing  Compensation  Act, 
or  at  least  thoroughgoing  change  from  the  old  common  law  sys¬ 
tem,  of  any  of  the  large  states.  New  York  broke  the  way  and  1 
presume  it  was  the  shock  of  that  thing  upon  the  justices  of  the 
Court  of  Appeals  of  that  state  that  caused  them  about  a  year 
ago  to  hold  that  law  unconstitutional.  Why?  Because,  they 
said,  it  took  property  “without  due  process  of  law.”  No 
matter  if  the  risk  of  the  business  should  justly  be  upon  the 
employer,  no  matter  if  the  former  law  had1  placed  the  risk 
of  the  business  upon  the  employee  and  he  made  to  bear  the 
burden  that  should  be  borne  by  the  whole  industry,  no  matter 
if  that  were  true,  still  changing  the  law  in  this  way  the  Court 
of  Appeals  said  was  taking  property  without  due  process  of  law. 
They  have  been  trying  during  the  past  year  in  the  State  of 
New  York,  to  draw  up  some  kind  of  constitutional  amendment 
that  will  overrule  that  decision.  That  is  one  of  the  decisions 
that  Mr.  Roosevelt  wants  to  recall.  They  do  not  seem  to  hit 
upon  just  the  right  wording  for  a  constitutional  amendment,  it 
either  goes  too  far  or  does  not  go  far  enough  and  does  not  ac¬ 
complish  the  purpose.  Of  course  the  fact  is,  as  I  see  it, 
and  I  think  I  am  borne  out  by  a  great  many  courts  that  have 
passed  upon  it  since,  that  these  laws  are  not  “taking  property 
without  due  process  of  law”,  they  are  not  taking  property  un¬ 
justly  at  all,  but  they  are  simply  putting  upon  the  whole  in¬ 
dustry  the  burden  that  properly  belongs  upon  it.  The  same 
point  has  been  passed  upon  by  a  number  of  courts  since  the 
New  York  Court  of  Appeals  held  that  law  unconstitutional, 
and  their  construction  has  been  upheld  in  no  other  case,  I 
believe,  from  the  United  States  Supreme  Court  down.  And  I 
anticipate  that  they  will  not  be  so  held,  unless,  perhaps,  there 
is  in  some  state  some  minor  provision  of  its  constitution  that 
the  law  is  in  conflict  with.  You  can  not  be  sure  about  these 
things  in  every  case,  but  in  general  these  laws  are  not  thought 
to  be  unconstitutional  for  the  reasons  given  by  the  New  York 
Court  in  the  so-called  Ives  Case,  which  I  have  mentioned. 

There  is  one  other  point  I  wish  to  speak  of,  and  that  is 
the  insurance  feature  that  is  being  introduced  particularly  in 
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the  Massachusetts  law  which  has  just  been  passed  and  which 
has  not  yet  gone  into  effect.  Employers  anywhere  in  the  state 
can  join  the  state  mutual  insurance  association  established  un¬ 
der  the  law  and  by  carrying  a  certain  amount,  depending  on  the 
number  of  men  they  employ,  they  take  advantage  of  the 
act  and  can  be  insured  against  all  damages  for  personal  in¬ 
juries  to  their  employees  that  they  may  suffer,  through  the 
payment  of  a  stated  sum,  which,  I  believe,  the  company  being 
mutual,  is  made  variable,  from  year  to  year  depending  on  the 
losses  for  the  year.  If  it  is  entered  into  largely  enough  by  the 
employers,  as  it  probably  will  be,  such  provisions  place  the 
burden  of  the  risk  of  personal  injury  accidents  upon  the  indus¬ 
try  as  a  whole  and  not  upon  the  men  themselves  and  upon 
their  families,  their  wives  and  their  children,  who  have  been 
largely  the  sufferers  heretofore.  Legislation  of  that  sort  is  in 
accordance  with  the  spirit  of  the  times,  and  I  believe  that  in  the 
end  it  will  prevail  throughout  this  country. 

The  Author  :  Would  it  be  possible  for  the  Society  to  ap¬ 
point  a  committee  on  standardization  of  mechanical  features 
such  as  have  been  mentioned  in  these  specifications?  That 
might  be  a  possible  line  of  co-operation  for  our  Society.  As  I 
have  already  suggested,  however,  perhaps  the  most  effective 
way  of  doing  this  is  for  our  members  to  interest  themselves 
individually,  and  see  that  these  safety  matters  receive  atten¬ 
tion  in  the  work  with  which  they  are  connected.  By  includ¬ 
ing  suitable  safety  provisions  in  drawings  and  specifications  for 
new  machinery,  it  would  be  possible  for  them  to  accomplish  far 
reaching  results,  and  in  a  way  that  would  hardly  be  possible 
through  any  action  of  the  Society  as  a  body. 

Mr.  R.  J.  YoungJ  :  It  is  with  a  great  deal  of  pleasure  that 
I  accept  the  opportunity  of  saying  something  before  your  So¬ 
ciety  on  the  prevention  of  accidents. 

It  is  indeed  very  gratifying  to  note  the  interest  that  is 
taken  by  your  Society  in  this  work,  as  experience  has  shown  that 
it  is  only  by  the  hearty  co-operation  of  gentlemen  occupying 
positions  similar  to  yours — engineers,  and  superintendents  of  de- 

JManager,  Department  of  Safety  &  Relief,  Illinois  Steel  Company, 
Chicago. 
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partments — that  the  desired  results  in  this  work  can  be  obtained. 

For  a  number  of  years  the  subsidiary  companies  of  the 
United  States  Steel  Corporation  have  been  carrying  on  an 
active  campaign  for  the  safeguarding  of  machinery  and  other 
dangerous  places. 

In  May  1908  Mr.  Charles  MacVeagh,  general  solicitor  of 
the  United  States  Steel  Corporation,  called  a  second  meeting 
of  the  Casualty  Managers  of  the  subsidiary  companies  of  the 
Corporation  for  the  purpose  of  considering  the  results  of  the 
attempts  which  had  already  been  made  to  prevent  accidents 
and  to  consider  and  formulate  further  plans  for  the  safeguard¬ 
ing  of  employes. 

One  of  the  results  of  this  meeting  was  the  appointment  of 
a  Committee  of  Safety,  and  inasmuch  as  this  was,  so  far  as  I 
know,  an  entirely  new  thought,  it  may  be  well  to  give  a  short 
description  of  the  work  of  this  Committee. 

The  Committee  is  composed  of  the  general  solicitor  of  the 
United  States  Steel  Corporation,  Mr.  Charles  MacVeagh,  who 
acts  as  Chairman;  a  safety  engineer  having  general  supervis¬ 
ion  over  safety  matters  in  the  Corporation,  Mr.  C.  L.  Close,  who 
acts  as  Secretary;  and  seven  members,  each  one  being  a  repre¬ 
sentative  of  some  one  or  more  of  the  subsidiary  companies  of 
the  United  States  Steel  Corporation,  and  engaged  in  safety 
work.  This  committee  meets  quarterly,  and  its  functions  are 
as  follows : 

First :  The  committee  conducts  thorough  inspections  of 
all  plants  of  all  subsidiary  companies  from  the  stand-point  of 
safety.  These  inspections  are  in  addition  to  those  made  by 
the  companies  themselves,  hnd  are  conducted  by  inspectors 
selected  from  companies  other  than  those  operating  the  plants 
in  question.  These  inspectors  report  and  are  responsible  to 
the  committee,  and  not  to  the  companies  whose  plants  are  un¬ 
der  inspection.  From  time  to  time,  and  whenever  special  cir¬ 
cumstances  seem  to  require  such  action,  the  committee,  or  var¬ 
ious  members  thereof,  make  these  inspections  themselvs. 

Second :  The  committee  acts  as  a  clearing  house  for  all 
information  relating  to  the  safety  of  employes.  All  safety 
devices  and  other  methods  of  increasing  the  safety  of  the  work- 
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jnen,  and  of  interesting  the  men  in  their  own  safety  and  that  of 
their  fellow  workmen,  are  reported  to  the  committee  by  the 
subsidiary  companies  in  which  they  originate.  These  safety 
methods  and  devices  are  carefully  considered,  and  if  approved, 
are  recommended  to  all  the  subsidiary  companies,  often  with 
improvements  suggested  by  the  committee.  In  this  manner 
descriptions  with  full  details,  photographs,  diagrams  and  com¬ 
plete  information  of  all  matters  dealing  with  the  safety  of 
employes,  is  disseminated  among  the  subsidiary  companies. 

Third:  The  committee,  at  its  quarterly  meetings,  considers 
all  serious  accidents  which  have  occurred  in  any  of  the  com¬ 
panies  during  the  preceding  quarter,  with  a  view  to  devising 
means  for  preventing  the  recurrence  of  similar  accidents. 

Fourth :  In  addition  to  its  work  for  the  prevention  of  ac¬ 
cidents,  the  committee  asists  in  the  administration  of  the  Vol¬ 
untary  Accident  Relief  Plan,  and  considers  any  questions  of 
general  character  which  arises  in  the  administration  of  the  plan. 

The  committee  is  endeavoring  now,  to  standardize  these 
safety  devices  which  are  in  use  upon  machinery  common  to  a 
large  number  of  the  different  plants.  It  is  hoped  thus  to  in¬ 
sure  the  use  of  only  the  most  improved  and  effective  safeguards. 

As  a  further  help  in  familiarizing  the  superintendents  and 
foremen  of  the  different  plants  with  the  safety  devices  ap¬ 
proved  by  the  committee,  a  Safety  Bulletin  is  issued  period¬ 
ically,  showing  engravings  of  safeguards,  and  working  draw¬ 
ings  of  devices,  with  a  full  description  of  their  operation. 

It  is  obvious  that  the  industrial  plant  which  would  serious¬ 
ly  take  up  the  problems  of  accident  prevention  must  under¬ 
take  (first)  to  provide  and  maintain  proper  working  condi¬ 
tions  and  efficient  safeguards,  and  (second)  to  educate  its 
employes  and  inculate  in  them  habits  of  caution.  This,  of 
course,  requires  a  definite  plan  and  a  comprehensive  organiza¬ 
tion  to  carry  out  such  a  plan. 

In  handling  this  work  the  Illinois  Steel  Company  has  di¬ 
vided  it  into  three  closely  allied  headings: 

The  safeguarding  of  dangerous  places. 

The  promulgation  of  rules  for  safe  operation. 
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The  inculcation  of  habits  of  caution  in  the  minds  of  all 
concerned. 

Safeguarding  of  Dangerous  Places :  The  paper  read  by  Mr. 
Beyer  and  the  views  of  safe  guards  he  has  shown  you  is  a  good 
representation  of  the  work  which  is  being  carried  on  at  all 
ol'  the  plants  of  the  United  States  Steel  Corporation. 

It  might  be  said  in  this  connection  that  although  statistics 
show  that  failure  to  guard  dangerous  places  is  not  the  most 
prolific  source  of  accidents,  carelessness  in  this  regard  has  a 
most  marked  effect,  consciously  or  unconsciously,  upon  our 
thoughts  and  actions,  and  is,  therefore,  conducive  to  reckless 
habits.  What  folly  it  would  be  to  try  to  enforce  rules  or  train 
the  workmen  into  thinking  of  their  own  and  others’  safety  if 
we  did  not  show  our  desire  to  prevent  accidents  by  doing  all 
in  our  power  to  make  working  conditions  as  safe  as  possible. 

Cleanliness  about  the  shop  and  yards  as  well  as  guarding 
dangerous  places  cannot  be  too  strongly  urged,  as  there  is  no 
question  as  to  its  being  a  factor  in  causing  the  men  to  be 
more  cleanly  about  their  work,  and  in  preventing  accidents  due 
to  cluttered-up  or  untidy  conditions. 

The  Promulgation  of  Rules  for  Safe  Operation :  In  the 
spring  of  1908  the  Central  Committee  of  Safety  of  the  Illinois 
Steel  Company,  about  which  I  will  speak  later,  took  up  the  work 
of  standardizing  safety  measures  and  devices.  After  careful 
consideration  it  adopts  and  recommends  for  use  at  all  plants 
of  the  company,  such  devices  as  seem  to  be  most  efficient,  and 
Bkely  to  best  prevent  accidents.  A  book  of  plans  for  devices 
lor  safety  has  been  prepared  under  the  direction  of  the 
committee,  for  the  purpose  of  standardizing  the  safety  appli¬ 
ances  and  precautions  necessary  to  protect  employes  from  the 
dangers  incident  to  machinery  and  unsafe  working  conditions, 
and  to  insure  the  provision  of  efficient  safeguards  and  proper 
working  conditions  at  the  time  construction  work  is  planned 
and  machinery  is  installed,  as  well  as  to  show  the  conditions 
tc  be  maintained  during  operation.  This  book  has  been  pre¬ 
pared  in  loose  leaf  form  so  that  additions  or  amendments  may 
be  readily  made  to  it.  In  this  volume  is  shown  our  standard 
method  of  guarding  gears,  belts  and  pulleys  and  shafting;  the 
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safety  devices  which  shall  be  installed1  at  blast  furnaces,  in  boil¬ 
er  houses,  at  converting  works,  open  hearth  furnaces,  and  roll¬ 
ing  mills;  also  dealing  with  the  guarding  of  charging  cars  and 
gantries ;  collars  and  set  screws ;  coupling  boxes,  spindles,  wab- 
blers,  pinions,  etc.,' subways  and  housings;  counterweights; 
trestle  walks  and  railings;  loading  and  inspection  beds,  emery 
and  other  abrasive  wheels;  engines  and  flywheels;  rope  drives, 
ladders,  stairways,  platforms,  railings,  etc. ;  locking  device  for 
levers  and  valve  chains;  cranes,  cranemens’  ladders;  walks  on 
cranes  and  runways;  hooks,  electrical  work;  signs,  new  build¬ 
ings  ;  elevators,  turntables ;  in  placing  machinery ;  smoke  stacks ; 
guard  rails  at  buildings;  gas  producers;  foundries;  yards,  scaf¬ 
folds,  etc.  The  plates  in  this  book  are  reduced  drawings  of  ac¬ 
tual  construction,  and  are  intended  to  be  used  by  the  engineer¬ 
ing  department  as  examples  only. 

On  all  plans  or  specifications  for  new  construction,  or  work 
by  way  of  replacement,  we  adopted  the  plan  of  the  National 
Tube  Company,  that  it  must  be  shown  that  a  check  has  been 
made  for  saiety  before  the  plans  leave  the  drafting  office,  and 
it  has  been  made  the  duty  of  superintendents  of  plants  to  see 
that  safety  devices  and  precautions  provided  for  in  our  Book 
of  Standard  Safety  Devices,  are  complied  with  before  machinery 
or  plants  are  put  into  operation,  and  that  they  are  thereafter 
maintained;  no  new  machinery  or  new  plant  may  be  put  into 
operation,  unless  the  same  has  been  first  approved  by  the  Safety 
Inspector,  except  upon  the  specific  order  of  the  General  Super¬ 
intendent  or  Assistant  General  Superintendent  of  the  plant.  No 
machine  tools  may  be  ordered  unless  it  has  been  shown  that  the 
plans  and  specifications  therefor  have  been  checked  for  safety. 
If  the  requisition  does  not  show  that  the  proper  guarding  of 
the  machine  has  been  considered  and  provided  for,  the  purchas¬ 
ing  agent  returns  the  requisition  to  the  plant  ordering  the  ma¬ 
chine. 

This  committee  has  also  prepared  with  great  care  a  book 
of  rules  respecting  safety  in  operation.  This  book  is  gotten 
out  in  two  forms.  The  first  for  the  use  of  superintendents  and 
foremen,  printed  in  the  English  language,  includes  general  in¬ 
structions  from  the  President  of  the  Company,  regulations  re- 
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specting  occupation  of  workmen,  rules  governing  the  construc¬ 
tion  and  installation  of  machinery  and  the  physical  conditions 
to  be  maintained  (which  covers  the  same  subjects  as  those  men¬ 
tioned  before  as  being  covered  by  the  Book  of  Standard  Safety 
Devices),  and  operating  rules  for  the  safety  of  employes.  The 
second,  for  the  use  of  employes,  printed  in  the  several  languages 
spoken  by  the  employes,  is  distributed  to  all  employes  of  the 
company,  who  are  not  superintendents  or  foremen,  and  contains 
the  same  matter  as  the  other  form,  except  that  the  rules  gov¬ 
erning  the  construction  and  installation  of  machinery,  etc.,  are 
omitted.  These  rule  hooks,  as  stated,  are  placed  in  the  hands  of 
all  employes  of  the  company,  and  each  employe  is  required  to 
read  the  same  and  to  satisfy  his  foreman  that  he  has  read  it 
and  is  familiar  with  its  contents,  and  both  the  foremen  and  em¬ 
ploye  are  also  required  to  sign  a  statement  to  that  effect,  upon 
a  form  provided  for  that  purpose.  All  men  when  placed  at 
work  upon  new  jobs  entailing  any  hazard  at  all,  must  be  fully 
instructed  by  the  foreman  in  charge  as  to  all  dangers  incident 
to  the  work,  and  when  the  foreman  is  satisfied  that  such  work¬ 
man  understands  and  is  aware  of  all  such  dangers,  he  is  required 
to  so  certify  to  the  department  superintendent  upon  a  form  pro¬ 
vided  for  that  purpose,  upon  which  form  the  workman  also 
states  that  he  has  been  instructed  knows  the  dangers,  and  will 
be  careful  of  his  own  and  others’  safety.  The  signing  of  such 
statements  practically  insures  against  perfunctoriness  in  these 
details. 

The  Inculcation  of  Habits  of  Caution :  To  the  end  that 
the  greatest  benefit  from  individual  experience  might  be  ob¬ 
tained,  a  Central  Committee  of  Safety  for  the  Illinois  Steel 
Company  was  organized.  This  committee  consists  of  the  Safety 
Inspector  and  Assistant  General  Superintendent  of  each  of  its 
plants,  together  with  the  General  Attorney,  who  acts  as  chair¬ 
man  of  the  committee,  his  assistant  in  charge  of  accident  matters 
in  the  law  department,  and  the  manager  of  the  Safety  &  Relief 
Department  who  acts  as  secretary  of  the  committee.  This 
committee  meets  at  the  main  office  of  the  company  at  Chicago 
once  every  month  for  an  all-day  meeting.  At  these  meetings 
all  accidents  occurring  at  the  several  plants  of  the  company, 
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which  are  in  any  wise  serious  in  their  results,  are  discussed 
and  ways  and  means  devised  for  the  prevention  of  the  occur¬ 
rence  of  similar  accidents  at  the  same  or  other  works,  wherever 
this  is  possible.  General  conditions  are  likewise  examined  into, 
and  if,  in  the  observation  of  any  of  the  members  of  the  com¬ 
mittee,  any  safety  precautions  or  devices  seem  to  be  desirable 
or  necessary,  the  committee  considers  the  same  and  makes  ap¬ 
propriate  recommendations.  The  recommendations  of  this  com¬ 
mittee  are  accepted  and  put  into  force  at  all  plants  without 
question,  unless  some  special  circumstance  make  it  impossible 
to  do  so. 

In  considering  the  questions  that  come  before  this  com¬ 
mittee,  it  does  not  depend  solely  upon  the  judgment  of  its 
members,  but  it  is  the  practice  of  the  committee  to  obtain  the 
advice  and  judgment  of  the  men  of  its  several  works  who  are 
specialists  upon  the  particular  branch  of  the  work  that  may  he 
involved  in  the  question  under  consideration.  All  matters  that 
are  considered,  except  possibly  some  minor  ones,  are  first  made 
the  subject  of  discussion  and  consideration  at  meetings  of  the 
department  superintendents  at  the  several'  plants,  and  are 
gone  into  by  the  members  of  the  committee  at  each  plant  very 
carefully  and  thoroughly  with  the  heads  of  the  departments  in 
which  the  particular  situation  may  exist,  and  are  also  gone  into, 
where  possible  and  advisable,  with  special  committees,  such  as 
the  blast  furnace  superintendents  or  construction  and  electrical 
engineers,  etc.,  and  the  permanent  and  workmen’s  committees, 
which  will  be  mentioned  later.  All  of  this  is  done  for  the  pur¬ 
pose  of  obtaining  the  very  best  judgment  that  is  available  in  the 
consideration  of  the  more  important  questions  that  come  before 
the  committee,  and  to  the  end  that  when  any  action  is  taken, 
and  a  recommendation  made  by  the  committee,  it  may  be  sure 
that  the  best  results  will  be  obtained.  This  procedure  of  con¬ 
ferring  with  the  department  heads  and  others  at  the  several 
plants  also  aids  much  in  facilitating  the  early  installation  of 
any  device  that  may  be  decided  upon,  as  the  same  are  frequent¬ 
ly  the  result  of  the  thought  of  the  men  themselves. 

The  statistics  of  foreign  countries  (as  well  as  those  of  the 
United  States)  show  that  the  large  majority  of  accidents  is  due 
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to  a  lack  of  care  on  the  part  of  those  injured,  or  on  the  part 
of  those  with  whom  the  injured  was  working,  and  I  believe  we 
will  all  agree  that  the  acquiring  of  habits  of  caution  is  the 
secret  to  success  in  this  work. 

One  of  the  first  steps  taken  by  the  Central  Committee  of 
Safety  to  interest  the  men  and  assist  in  inculcating  habits  of 
caution  into  their  minds  was  the  organization  of  Safety  Com¬ 
mittees  at  all  the  plants  of  the  Illinois  Steel  Company.  Two 
plans  have  been  followed  in  this  work,  namely,  the  organization 
of  committees  composed  of  foremen,  known  as  Permanent  Safety 
Committees,  and  the  organization  of  committees  composed  en¬ 
tirely  of  workmen  below  the  grade  of  foremen,  called  Work¬ 
men’s  Safety  Committees. 

Permanent  Safety  Committees :  Each  department  has  a 
committee  of  foremen,  known  as  the  Permanent  Safetv  Com- 
mittee  because  the  personnel  of  the  committee  does  not  change. 
It  is  the  duty  of  this  committee  to  make  monthly  inspections 
of  their  department  as  a  committee.  It  is  also  their  duty  1o 
see  that  all  safety  devices  approved  by  their  superintendents, 
are  installed,  and  to  investigate  all  accidents  where  the  injured 
man  loses  ten  days’  time,  or  more,  or  wrhere  there  is  some  special 
feature  in  the  case.  In  making  this  investigation  they  report 
how  the  accident  occurred,  what  they  think  can  be  done  to 
pervent  a  similar  accident,  whether  in  thier  opinion  any  one 
has  been  negligent,  and  what  they  think  should  be  done  with  the 
negligent  person. 

This  inquiry  into  the  alleged  guilt  of  an  employe  by  a 
“Jury  of  his  Peers”  has  had  a  very  beneficial  effect,  and  has 
done  much  toward  reducing  the  number  of  accidents.  Care 
is  taken  by  the  superintendents  to  see  that  the  investigations 
made  by  the  committee  are  not  merely  perfunctory,  and  their 
reports  have  been  very  satisfactory.  Where  the  injured  has 
been  careless  the  committee  does  not  overlook  this  fact,  but  lets 
him  understand  that  they  do  not  approve  of  his  actions. 

Workmen's  Safety  Committees :  The  plants  are  divided 
into  divisions,  each  consisting  of  three  departments  or  miTs. 
One  workman  is  chosen  from  each  department  to  act  as  a  mem¬ 
ber  of  the  committee,  to  inspect  for  dangerous  places,  to  con- 
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suit  with  the  men  at  work,  and  get  suggestions  from  them  as 
to  safer  methods  of  doing  that  particular  work,  and,  incidentally, 
to  sow  seeds  of  caution.  These  men  serve  on  the  committee  one 
month  and  spend  one  day  each  week  inspecting  their  division. 

When  a  committee  is  organized,  all  of  the  superintendents 
of  the  departments  making  up  that  division,  meet  with  the 
committee  and  the  safety  inspector,  and  the  nature  of  the  work 
is  gone  over  with  the  committee,  impressing  upon  them  the  in¬ 
terest  taken  in  the  work  by  their  superintendents.  We  believe 
that  this  committee  work  is  causing  the  men  to  take  more  of  an 
interest  in  their  own  and  others’  safety.  The  men  are  urged 
not  to  drop  the  work  after  their  term  on  the  committee  has 
expired,  but  to  continue  to  report  any  change  that  they  think 
would  he  beneficial,  and  it  is  a  pleasure  to  note  that  many  of  the 
men  continue  to  make  suggestions.  The  superintendents  advise 
that  it  also  has  caused  other  men,  who  have  not  served  on  a 
committee,  to  come  to  them  with  suggestions. 

In  directing  the  work  of  the  committee  we  have  inter¬ 
division  and  inter-works  inspection,  having  a  committee  inspect 
a  division  or  a  plant  other  than  its  own,  thereby  creating  a 
rivalry  among  the  men,  and  at  the  same  time,  giving  the  work 
greater  importance  in  their  eyes,  and  making  it  more  of  an 
honor  to  be  selected  as  a  committeeman. 

Bulletin  Boards:  As  a  further  assistance  in  the  inculca¬ 
tion  of  habits  of  caution,  in  each  department  and  at  each  plant 
entrance  are  installed  Safety  Bulletin  Boards.  Upon  these 
boards  are  displayed  the  list  of  departments  successful  in  keep¬ 
ing  in  the  “Booster  Class”  during  the  past  month,  i.  e.,  the 
departments  that  have  kept  their  accidents  below  a  certain  per¬ 
centage.  Clipping  bureaus  supply  the  plants  with  newspaper 
reports  of  industrial  accidents  occurring  throughout  the  United 
States,  and  these  clippings  are  posted  on  the  boards,  together 
with  rules  and  photographs  of  devices  of  the  Illinois  Steel  Com¬ 
pany  which  would  have  prevented  the  accident.  In  addition  to 
this  is  posted  any  other  matter  or  photographs  which  will  at¬ 
tract  the  attention  of  the  men  and  keep  them  interested  in 
safety. 
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Another  stimulant  to  the  advertising  of  safety  is  the  dis¬ 
tribution  of  cigars  with  the  “Boost  for  Safety”  bands.  Boxes 
of  these  cigars  are  distributed  among  the  foremen  and  workmen 
whenever  records  are  made  in  keeping  down  accidents,  or  when 
suggestions  for  safety  are  made,  or  whenever  it  appears  thut 
the  giving  of  cigars  will  help  the  cause  along. 

“Boost  for  Safety”  paperweights  are  presented  to  the  fou- 
men  and  workmen,  the  idea  being  to  keep  always  before  them 
the  fact  that  the  safety  of  workmen  is  the  first  consideration. 

The  Plant  Management  have  caused  to  be  made  a  badge  of 
distinction  which  is  presented  to  each  man  showing  a  thorough 
knowledge  of  the  Safety  Rules.  The  workmen,  as  well  as  fore¬ 
men,  compete  for  these  badges.  It  is,  however,  compulsory  upon 
the  foremen  to  take  an  examination  on  the  rules  and  precau¬ 
tions  governing  the  prevention  of  accidents.  In  order  to  obtain 
a  badge  it  is  necessary  that  an  examination  be  passed  with  an 
average  of  at  least  90  percent  efficiency. 

This  move  is  not  only  insuring  a  better  knowledge  of  safety 
rules  and  precautions  on  the  part  of  the  foremen  and  workmen, 
but  the  eagerness  with  which  all  classes  of  workmen  are  com¬ 
peting  for  the  buttons,  and  the  pride  shown  by  those  successful 
in  obtaining  them,  has  proved  it  to  be  a  valuable  aid  in  the  in¬ 
culcation  of  habits  of  caution  into  the  minds  of  the  men. 

While  it  is  true  that  the  care  exercised  by  the  workmen 
largely  enters  into  the  number  of  accidents  occurring  in  any 
department,  and  that  the  only  way  the  number  of  accidents 
due  to  carelessness  can  be  reduced  is  by  the  inculcation  of  habiis 
of  caution  into  the  minds  of  the  men;  the  burden  of  doing  this 
must  rest,  almost  entirely  upon  the  management  of  a  depart¬ 
ment.  The  superintendent’s  attitude  and  the  foreman’s  atti¬ 
tude  toward  the  prevention  of  accidents  will  be  reflected  by  tie 
workmen  just  as  accurately  as  their  attitude  toward  the  gettiug 
out  of  tonnage  is  reflected.  If  the  superintendent  treats  the 
matter  lightly,  his  assistants  will  treat  it  lightly.  If  he  shows 
a  strenuous  desire  to  have  working  conditions  safe,  and  precau¬ 
tionary  rules  observed  ;%if  he  makes  the  prevention  of  accidents 
one  of  the  most  important  features  of  his  department,  then  lus 
foremen  will  reflect  that  feeling,  and  will  see  that  the  men 
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observe  the  precautions  which  are.  known  to  be  necessary  to  the 
prevention  of  accidents;  and  by  seeing  that  the  men  observe 
these  precautions,  and  talking  with  them  about  the  necessity  of 
keeping  conditions  safe,  they  will  inculcate  such  habits  of  caution 
that  the  number  of  accidents  occurring  in  that  department  will 
be  reduced  to  a  minimum. 

This  is  well  borne  out  by  the  results  which  have  been 
obtained.  "While  satisfactory  statistics  are  not  available  at 
all  of  the  plants  of  the  Corporation,  from  which  a  comprehensive 
comparison  can  be  made,  however,  the  effect  of  the  work  at  the 
Illinois  Steel  Company  is  a  fair  example  of  what  this  character 
of  work  will  do.  From  these  statistics  we  find  that  acciderts 
causing  the  loss  of  time  have  been  reduced  since  the  energetic 
safety  campaign  has  been  instituted,  by  from  fifty  to  sixty-six 
and  two-thirds  percent. 


[A  partial  bibliography  of  recent  literature  on  Safety  Devices  and  the  Pre¬ 
vention  of  Industrial  Accidents  is  appended.  These  references  were  obtained 
through  the  assistance  of  the  author,  David  S.  Beyer,  and  the  Technology 
Department  of  the  Carnegie  Library  of  Pittsburgh,  to  whom  this  acknowl¬ 
edgment  is  made.  Editor.] 

BOOKS. 

American  Railway  Association.  General  committee  of  railroads  on  safety 
appliance  standards.  314 — 58  p.  Report  (1st — 2d)  1910-1911. 

Barnett,  H.  Norman.  Accidental  injuries  to  workmen  with  reference  to 
workmen’s  compensation  act,  1906,  with  article  on  injuries  to  the  organs 
of  special  sense,  by  C.  E.  Shaw,  and  legal  introduction  by  T.  J.  Camp¬ 
bell.  376  p.  1909. 

Discusses  the  various  accidents  and  diseases  which  may  form  claims 
for  compensation  under  present  (1909)  British  legislation.  Authors  are 
physicians  and  have  written  from  the  medical  standpoint.  Shows  light 
on  industrial  and  social  environment  of  the  working  classes. 

Barten,  Ernst.  Notwendigkeit,  erfolge  und  ziele  der  technischen  unfallver- 
hutung.  101  p.  1909. 

“Literatur,”  p.  101. 

Many  statistics  based  on  German  industries. 

Bauer,  E.  &  Gary,  M.  Funf  und  zwanzig  jahre  unfallverhutung;  eine  studie 
den  deutschen  berufsgenossenschaften  zugeeignet  vom  Verein  Deutscher 
Revisions — Ingenieure  E.  V.  172  p.  19  tables.  1910. 

Bradshaw,  George.  Prevention  of  Railroad  Accidents,  or  Safety  in  Rail¬ 
roading.  About  170  p.  Illustrated. 

Gives  some  statistics  on  railroad  accidents,  together  with  suggestions 
and  comments  of  various  sorts. 

Conference  of  Commissions  on  Compensation  for  Industrial  Accidents. 

Proceedings  of  Conference  of  Commissions  on  Compensation  for  In¬ 
dustrial  Accidents,  held  at  Chicago  on  Nov.  10,  11  and  12,  1910.  262  p. 

Eastman,  Crystal.  Work — Accidents  and  the  Law.  Published  by  Charities 
Publication  Committee,  105  E.  22d  St.,  New  York. 

An  analysis  is  given  of  526  accidents  of  miscellaneous  character,  in 
Allegheny  County,  during  the  year  from  July  1st,  1906,  to  June  30th, 
1907.  This  first  goes  into  the  causes  of  these  accidents,  dividing  them 
into  various  classifications,  and  then  considers  the  economical  cost,  from 
a  social  standpoint  as  well  as  that  of  the  individual.  It  closes  with  a 
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discussion  of  the  legislative  bearing,  and  deductions  to  be  drawn  there¬ 
from.  There  are  twelve  appendices  to  the  volume,  each  of  which  take* 
up  some  additional  phase  of  related  problems. 

Illinois  Steel  Company,  Chicago. 

Rules  and  regulations  of  the  Illinois  Steel  Company,  South  Works,  77  p. 
1909. 

Purpose  Is  prevention  of  accidents  to  workmen.  Rules  cover  details 
of  construction,  Installation  and  operation  of  machinery,  and  conduct  of 
employees. 

National  Tube  Company,  Pittsburgh. 

Safety  rules  governing  construction  and  installation  of  machinery  and 
the  physical  conditions  to  be  maintained.  22  p.  1910. 

References  on  Injuries  to  Eyesight  by  Industrial  Accident,  in  Outlook  for 
the  Blind,  Vol.  4,  1911.  p  196. 

Schlessinger,  Georg.  Unfallverhuting  und  Betriebsslcherheit.  Published  by 
Carl  Heymanns.  Berlin. 

It  takes  up  various  divisions,  such  as  transportation  and  handling  of 
materials,  steam  boilers  and  engines,  electrical  equipment,  wood-working 
equipment,  quarrying,  building,  excavating,  textile  industries,  paper 
manufacturing  chemistry,  gas  and  water  works,  railroad  equipment,  ship 
building,  etc.  It  is  a  comprehensive  statement  of  safety  work  In  Ger¬ 
many,  from  1885  to  1910,  and  its  numerous  illustrations  make  it  valuable 
to  anyone  interested  in  this  subject,  whether  they  read  the  German 
script  or  not.  About  1200  p.  Illustrated. 

Schwedtman,  F.  C.,  and  Emery,  J.  A.  Accident  prevention  and  relief;  an 
investigation  of  the  subject  in  Europe,  with  special  attention  to  England 
and  Germany,  with  recommendations  for  action  in  the  United  States  of 
America.  Published  by  the  National  Association  of  Manufacturers,  30 
Church  St.,  New  York.  481  p.  1911. 

Schwedtman  and  Emery — “Accident  Prevention  and  Relief.”  Published  by 
the  National  Association  of  Manufacturers,  No.  30  Church  St.,  New  York. 

This  volume  is  a  summary  of  reports  made  by  Messrs.  Schwedtman  and 
Emery,  of  their  European  investigation  for  the  National  Manufacturers' 
Association.  There  are  a  number  of  illustrations,  diagrams  and  charts, 
and  some  accident  preventive  material,  but  the  volume  as  a  whole  is  de¬ 
voted  rather  to  compensation  legislation  in  its  various  phases,  than  to 
practical  safety  engineering. 

United  States — Interstate  Commerce  Commission. 

Before  the  Interstate  Commerce  Commission;  United  States  safety-ap¬ 
pliance  standards,  March  13.  1911;  order  of  the  commission.  Designates 
number,  dimensions,  location  and  manner  of  application  of  certain  safety 
appliances  for  railways. 

United  States  Steel  Corporation — Committee  on  Safety. 

Bulletin  No.  1-2.  1910-1911.  Well  illustrated. 

Verband  der  Deutschen  Berufsgenossenschaften. 

Unfallverhutung  und  betriebssicherheit;  denkschrift  aus  anlass  des  25 
jahrigen  bestehens  der  gewerblichen  arbeiterversicherung.  1910.  Contents: 
Die  berufsgenossenschaftliche  unfallverhutung  in  ihrer  entwicklung  von 
1885  bis  1910,  von  Konrad  Hartmann. — Unfallverhutungstechnik,  von 
Georg  Schlesinger. 

Exhaustive  treatise  including  both  accident  prevention  and  first  aid. 
Considers  the  application  of  safety  devices  in  all  important  industries 
both  on  land  and  at  sea.  Fully  illustrated. 

Vogel,  M.  Die  erste  hilfe  bel  unfallen,  mit  besonderer  berucksichtigung  der 
unfalle  im  bergbau  und  in  den  verwandten  betrieben:  hrsg.  vom  vorstand 
der  Knappschafts-Berufsgenossenschaft  in  Berlin.  Ed.  3.  rev.  &  enl.  1911. 

Very  similar  in  scope  to  the  better  manuals  in  English.  Gives  outline 
of  anatomy  and  hygiene  and  describes  treatment  of  all  ordinary  accidents 
and  emergencies. 

West,  Thomas  Dyson.  Accidents,  their  causes  and  remedies;  a  treatise  of 
the  development  of  care  and  faithfulness  to  aid  the  .safeguarding  of  life 
and  property.  95  p.  1908. 


See  also  “Industrial  Accidents;  a  Select  List  of  Books.”  12  p.  1910.  Car¬ 
negie  Library  of  Pittsburgh,  which  can  be  obtained  by  addressing  the  Tech¬ 
nology  Department  of  the  Library,  enclosing  5c  to  cover  postage. 
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MAGAZINE  ARTICLES 

An  exposition  of  safety  devices  and  industrial  hygiene.  2000  w.  7  illustra¬ 
tions.  1907.  (In  Scientific  American,  v.  110,  p.  93). 

Gives  startling  facts  in  regard  to  the  great  sacrifice  of  human  life 
in  industrial  vocations,  and  illustrates  some  of  the  safety  devices  ex¬ 
hibited  at  the  American  Museum  of  Natural  History,  New  York  City. 

Beyer,  David  S.  Mechanics  of  saving  life.  9,000  w.  33  fig.  1910.  (In 

Scientific  American  Supplement,  v.  70,  p.  168,  184,  208). 

An  illustrated  general  description  of  some  of  the  principal  features 
of  safety  work  as  at  present  developed  in  the  U.  S.  Steel  Corporation. 

Beyer,  David  S.  Safety  Provisions  in  the  U.  S.  Steel  Corporation.  Pub¬ 
lished  in  The  Survey,  May  7th,  1910,  and  reprinted  as  an  appendix  to 
“Work-Accidents  and  the  Law,”  published  by  the  Russel  Sage  Foun¬ 
dation  in  New  York;  also  as  an  appendix  to  the  annual  report  of  the 
Smithsonian  Institution,  Washington,  D.  C.,  in  1910.  This  describes 
the  organization  of  safety  committees,  and  various  phases  of  safety 
work  in  the  U.  S.  Steel  Corporation;  it  contains  34  illustrations. 

Beyer,  David  S.  Standards  of  safety  in  relation  to  Machinery.  5500  w. 
2  fig.  1911.  (In  Iron  Age,  v.  88,  pt.  1,  p.  88,  160.) 

Illustrated  description  of  the  system  of  the  U.  S.  Steel  Corpora¬ 
tion,  and  the  problems  solved. 

Beyer,  David  S.  Standards  of  Safety  for  Metal  and  Wood-working  Ma¬ 
chinery.  The  American  Machinist.  (Now  in  process  of  publication.) 
This  treats  particularly  of  safety  equipment  for  machine  and  car¬ 
penter  shop  tools,  and  illustrates  various  safety  devices  in  connection 
therewith. 


Bolling,  Raynal  C.  Accident  Prevention  by  the  U.  S.  Steel  Corporation. 
This  treats  somewhat  of  the  legal  aspect  of  the  problem,  and  of  the 
attitude  of  the  U.  S.  Steel  Corporation  toward  accident  prevention, 
and  the  work  that  is  being  done  by  it. 


Boyer,  Jacques.  New  Museum  of  safety  devices  at  Paris.  3,500  w.  17  fig. 
*  1908.  (In  Engineering  Magazine,  v.  35,  p.  209.) 

Illustrated  description  of  the  collection  of  the  Conservatoire  des  Arts 
et  Metiers. 


Bradshaw,  George.  Shop  safety  appliances  and  safety  education.  3,000  w. 
14  fig.  1911.  (In  Railway  Age-Gazette,  v.  51,  p.  1115.) 

Illustrates  and  describes  devices  and  methods  for  securing  safety 
and  discusses  related  matters. 

Calder,  John.  The  Mechanical  Engineer,  and  Prevention  of  Accidents. 
A  paper  presented  before  the  American  Society  of  Mechanical  Engi¬ 
neers,  and  published  in  its  proceedings  for  February  1911.  This  paper 
goes  into  the  causes  of  accidents,  describing  various  dangerous  classes 
of  equipment  and  desirable  safeguards  for  same.  It  contains  o2  Il¬ 
lustrations. 


Calder,  John.  The  Manufacturer,  and  Industrial  Safety. 

An  address  before  the  City  Club  of  Philadelphia,  Jan.  13th  1912. 
(Iron  Age,  February  8th,  1912).  The  writer  treats  of  ^s^able  lines 
of  legislation,  and  points  out  some  of  the  weaknesses  oft^e  Present 
method.  He  classifies  the  duties  of  the  state  and  ^  ?nanu- 

facturer,  and  defines  the  relation  of  efficiency  and  conservation  to 

S3.f  6tV. 

Gradenwitz,  Alfred.  Bavarian  Museum  of  Industrial  Safety  De£ces_  3'5°4°4fv 
7  illustrations  1907.  (In  Engineering  Magazine,  34,  p.  lii.) 

Illustrates  and  describes  exhibits  at  this  German  museum  for  sate- 
guarding  dangerous  occupations. 

Guarding  Machinery  against  accidents.  700  w.  5  fig.  1902.  (In  American 

Machinist,  v.  25,  pt.  2,  p.  1185.)  ,  -Rmnlclvn  firm  to 

Illustrates  and  describes  measures  taken  by  a  Brooklyn  nrm 

guard  various  points  of  danger. 

Hutton,  Frederick  R.  Preventing  Accidents.  1,800  w.  1910.  (In  American 
Machinist,  v.  33,  pt.  2.  p.  255.) 

Hutton,  Frederick  R.  Prevention  of  industrial  accidents.  1,800  w.  1910. 

"intlySs1'??  industrial  Occidents1*  showing  the  importance  of  safety  de- 
vices. 
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Marshall,  Henry  D.  Fencing  of  steam  and 
1902.  (In  Proceedings  of  the  Institution  of 
P.  211.) 


gas-engines.  2,000  w.  6  fig. 
Mechanical  Engineers,  v.  62, 


Reviews  the  usual  modern  practice  of  furnishing  protection  to  di¬ 
minish  risk  of  accidents  to  attendants,  and  offers  suggestions  for  ad¬ 
ditional  safeguards. 


Safety  Appliances  in  German  Machine  shops.  1,200  w.  21  fig.  1909.  (In 
American  Machinist,  v.  32,  pt.  1,  p.  257.) 

Illustrated  description  of  simple  guards  and  operating  devices  to  pro¬ 
tect  workmen. 


Wade,  Herbert  T.  American  Museum  of  safety  devices,  4,500  w.  11  illus- 
tratons.  1908.  (In  Engineering  Magazine,  v.  35,  p.  329.) 

Explains  the  purpose  and  economic  value,  giving  an  illustrated  de¬ 
scription  of  exhibits. 


Wood,  Henry  M.  Accident  prevention  in  the  machine  shop.  2,000  w.  12 
fig.  1911.  (In  Iron  Age.  v.  87,  pt.  2,  p.  1204.) 

Illustrates  and  describes  safeguards  used  in  a  machine  tool  factory. 

Young,  Robert  J.  Accident  Prevention  in  the  Steel  Plants. 

An  address  given  before  the  Association  of  Iron  and  Steel  Electrical 
Engineers.  (In  Iron  Age  Jan.  4th,  1912).  This  contains  a  discussion 
of  safety  provisions  for  blast  furnaces,  rolling  mills,  foundries,  railroad 
yards,  etc.  and  is  illustrated. 


Young,  Robert  J.  Accidents  in  German  Iron  &  Steel  Works  (In  Iron  Age 
Dec.  14th,  1911.)  A  digest  of  Government  reports  for  a  ten  year  per¬ 
iod,  ending  in  1907;  it  shows  a  gradual  increase  in  the  number  of 
workers  killed  or  injured  per  thousand,  from  8.92  in  1897,  to  11.62 
in  1907.  This  increase  is  probably  due  partially  to  the  greater  in¬ 
tensity  of  operation,  and  partially  to  a  more  complete  system  of  re¬ 
porting  injuries. 


PUBLICATIONS 

“American  Industries." 

This  is  a  monthly  magazine  published  by  the  National  Association  of 
Manufacturers,  and  each  issue  contains  a  section  devoted  to  accident  preven¬ 
tion,  and  workmen’s  compensation,  etc.  It  contains  numerous  interesting  ar¬ 
ticles,  many  of  them  illustrated. 

“Accident  Bulletin." 

Issued  by  the  Interstate  Commerce  Commission,  Washington,  D.  C. 
This  gives  a  classified  compilation  of  railroad  accidents.  It  Is  issued  quar¬ 
terly,  with  an  annual  summary,  and  in  addition  to  the  tabulated  statistics.  It 
describes  various  wrecks,  etc.,  in  considerable  detaiL 

“Bulletins  of  U.  S.  Steel  Corporation,  Committee  of  Safety.” 

These  bulletins  are  issued  at  intervals  by  the  Central  Safety  Committee 
of  the  U.  S.  Steel  Corporation,  with  offices  at  No.  71  Broadway,  New  York. 
They  contain  cuts  of  photographs, drawings,  etc.,  showing  devices  which  are 
perfected  in  the  various  subsidiary  companies  of  the  Corporation. 

“Bulletin  of  the  Bureau  of  Labor." 

This  publication  is  issued  every  other  month,  and  each  copy  contains 
current  decisions  of  the  Court,  affecting  labor,  including  accident  cases,  etc. 
At  intervals  it  gives  abstracts  of  foreign  and  domestic  legislation.  For  ex¬ 
ample,  No.  73,  November,  1907,  contains  abstracts  of  factory'  inspection  laws 
in  every  state  of  the  Union:  No.  96,  September,  1911,  has  about  300  pages  de¬ 
voted  to  the  new  workmen’s  insurance  code  of  Germany. 

“Journal  of  Industrial  Safety." 

Issued  by  the  American  Museum  of  Safety,  No.  29  W.  39th  SL,  New 
York  City.  This  publication  contains  illustrations  and  descriptions  of  ma¬ 
terial  collected  for  the  permanent  exhibit  of  the  organization,  in  the  United 
Engineering  Society’s  building. 

"Minutes  of  Meetings  held  by  the  Association  of  Iron  &  Steel  Electrical 
Engineers." 

At  the  annual  conventions  of  this  Association,  several  day's  are  devoted 
to  a  discussion  of  safety  provisions,  specifications,  etc.,  for  electrical  equip¬ 
ment,  and  the  published  minutes  of  these  meetings  contain  much  interesting 
material  on  this  subject. 


Recent  Practice  in  Reinforced  Concrete  Bridge 
Building  in  the  City  of  Pittsburgh 


By  J.  A.  Ferguson* 


The  City  of  Pittsburgh  has  eighty-nine  bridges,  already 
constructed,  under  the  jurisdiction  of  the  Bureau  of  Construc¬ 
tion,  comprising  nearly  every  well-known  type  of  bridge. 

Nine  of  these  bridges  were  built  by  various  public  service 
corporations  and  turned  over  to  the  City  for  maintenance. 
Twenty  have  been  built  and  are  maintained  by  such  corpora¬ 
tions,  the  City  having  the  power  to  cause  them  to  be  repaired 
when  necessary.  Sixty  bridges  were  built  and  are  maintained 
by  the  City  at  its  own  cost. 

Of  the  foregoing  bridges,  seven  are  of  wood,  seventy-one  of 
steel,  five  are  of  stone  masonry  and  six  are  of  reinforced  con¬ 
crete. 

Besides  the  above,  three  reinforced  concrete  bridges  are 
now  under  construction,  as  well  as  one  bridge  having  two  main 
spans  of  steel  and  approach  spans  of  reinforced  concrete,  faced 
with  stone.  Contract  drawings  for  one  reinforced  concrete 
bridge  has  been  completed  and  is  now  contracted  for. 

Six  new  bridges  are  provided  for  by  bond  issue,  three  of 
which  are  expected  to  be  reinforced  concrete  and  three  of  steel. 

It  will  be  seen  from  the  foregoing  that  in  order  to  take 
care  of  such  a  group  of  structures,  make  repairs  and  renewals, 
etc.,  in  a  business-like  way,  certain  definite  knowledge  must  be 
had  concerning  them  as  a  whole  and  individually. 

Wherever  information  can  be  had,  records  of  first  cost  of 
each  structure  and  the  cost  of  all  subsequent  repairs  or  main- 

Presented  before  the  Structural  Section  March  5th,  1912,  and  pub¬ 
lished  in  the  April  Proceedings. 

•Assistant  Engineer,  Bureau  of  Construction,  Department  of  Public 
Works,  City  of  Pittsburgh. 
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tenance  are  kept,  together  with  the  nature  and  extent  of  sm*h 
repair  or  maintenance  operation. 

Each  half  year  a  thorough  inspection  of  all  bridges  is  made, 
in  order  to  determine  whether  weakness  is  beginning  to  appear 
and  if  repairs  or  painting  are  required.  Annual  budgets  fc.r 
such  repairs  as  are  considered  most  urgent  are  made  up  from 
these  records. 

These  periodical  examinations  afford  an  excellent  oppor¬ 
tunity  to  observe  the  behavior  of  the  various  types  of  bridges 
and  to  note  methods  of  construction  or  details  that  are  excellent 
or  faulty.  Besides  this  the  records  of  first  cost  and  of  mainten¬ 
ance  afford  excellent  information  as  to  the  relative  economy  of 
the  various  types  of  bridges. 

As  is  only  natural  in  a  case  like  this,  certain  types  of 
bridges  come  to  be  looked  upon  with  favor  and  used  in  new 
work.  And  notwithstanding  the  fact  that  we  have  practically 
the  same  construction  materials  to  work  with  today  that  we  had 
ten  years  ago,  economic  causes  have  brought  into  existence  new 
methods  of  using  these  same  materials.  This  has  resulted  in 
some  very  interesting  applications  of  these  new  methods  all 
over  the  world,  not  the  least  of  which  is  the  use  of  steel  and 
concrete  in  reinforced  concrete,  of  which  we  hear  so  much,  and 
know  so  little  regarding  its  behavior. 

Reinforced  concrete  is  being  used  in  some  very  interesting 
examples  in  and  by  the  City  of  Pittsburgh  at  the  present  time, 
and  it  is  the  purpose  of  this  paper  to  call  your  particular  atten¬ 
tion  to  the  recent  practice  of  the  City  of  Pittsburgh  in  rein¬ 
forced  concrete  bridge  building. 

In  order  to  explain  clearly  the  methods  used  in  working 
out  such  problems  as  the  selection  of  the  best  types  of  bridges 
under  such  conditions  as  we  have  in  Pittsburgh  and  to  explain 
the  “raison  d’ettre”  for  reinforced  concrete  bridges  the  subject 
will  be  divided  into  the  following  headings: 

First:  Reasons  why  the  City  is  building  reinforced  con¬ 
crete  bridges. 

Second :  Selection  of  type  of  concrete  bridge  and  archi¬ 
tecture  of  the  structure. 

Third:  Design,  details,  and  contract  and  specifications. 
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Reasons  Why  the  City  is  Building  Reinforced  Concrete 
Bridges :  One  of  the  first  questions  that  will  naturally  arise 
when  a  bridge  is  projected  is  that  of  cost.  It  is  a  recognized 
fact  that  the  cost  of  a  bridge  is  made  up  of  three  items:  first 
cost,  maintenance,  and  depreciation.  In  determining  upon  the 
amount  of  money  to  be  appropriated  for  a  bridge  it  is  first 
necessary  to  determine  the  type  of  structure  and  materials  of 
construction  which  shall  be  used. 

In  order  to  do  this  intelligently  it  has  been  necessary  to 
make  as  detailed  a  study  as  possible  of  the  relative  first  cost 
and  maintenance  and  depreciation  of  the  various  types  of 
bridges  in  the  City’s  possession.  In  past  years,  complete  records 
of  cost  were  not  tabulated  and  they  could  only  be  found  by  a 
laborious  search  in  contract  record  books.  Many  of  the  bridges 
were  not  repaired  until  long  after  the  need  for  repairs  must 
have  been  necessary.  Thus  an  estimate  of  a  probable  percentage 
to  assess  for  either  maintenance  or  depreciation  can  not  be  made 
accurately  from  records  of  cost.  Annual  costs  of  repairs  and 
renewal  vary  in  different  parts  of  the  city,  due  to  such  causes 
as  locomotive  gases  over  railroad  rights-of-way  or  by  the  sul¬ 
phur-laden  gases  ever  present  in  the  neighborhood  of  blast 
furnaces.  Such  actual  losses  of  value  to  structures  had  to  be 
estimated  in  order  to  get  at  the  true  percentages  as  accurately 
as  possible. 

After  making  a  careful  estimate,  based  on  such  cost  data  ss 
was  available,  it  seemed  that  we  would  have  to  charge  not  lo<-’s 
than  two  percent,  in  general,  for  depreciation  and  2l/>  percent 
for  maintenance  and  repairs  of  steel  bridges.  Such  items  as 
painting  and  minor  repairs  to  wooden  flooring  or  sidewalls 
being  classed  as  maintenance.  In  the  case  of  stone  masonry 
bridges  or  plain  concrete  there  is  no  expense  for  maintenance 
other  than  wear  on  roadway  or  sidewalk  pavements.  There  is 
not  a  single  item  on  record  for  repair  of  a  stone  or  concrete 
masonry  bridge  on  account  of  deterioration  of  materials. 

Thus  it  will  be  seen  that,  after  a  term  of  ten  years,  45  per¬ 
cent  of  the  first  cost  could  have  been  expended  for  more  perma¬ 
nent  construction  materials,  no  interest  on  investment  beirg 
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charged  in  either  case,  and  the  City  would  have  come  out  even 
on  its  investment. 

Bridges  of  stone  or  of  plain  reinforced  concrete  are  made 
of  materials  that  are  considered  permanent.  They  will  long 
outlast  structures  of  either  wood  or  steel,  which  in  some  in¬ 
stances  were  quite  at  the  end  of  their  period  of  usefulness  by 
the  time  the  bonds  sold  to  defray  the  cost  of  building  them 
were  paid  off.  Moreover,  concrete  bridges  do  not  require  pro¬ 
tective  coatings  to  preserve  them  from  decay,  thus  avoiding  the 
vexing  problem  of  paint. 

Concrete  bridges  will  cost  to  build  from  10  to  25  percent 
more  than  those  of  steel,  depending  upon  type.  Stone  masonry 
bridges  cost  from  20  to  50  percent  more  than  steel  and  are  not 
any  more  permanent  than  reinforced  concrete.  Those  who  are 
in  doubt  as  to  the  permanency  of  concrete  construction  should 
refer  to  a  paper  in  the  “Proceedings  of  the  National  Associa¬ 
tion  of  Cement  Users”  for  the  year  of  1911,  for  an  example  of 
the  permanency  of  concrete  made  with  a  quality  of  cement 
about  equal  to  our  Rosendale.  The  Arch  of  Titus  and  Palace 
of  Augustus,  and  other  buildings  shown  in  that  paper,  were 
built  on  concrete  foundations  and  these  foundations  remain  ex¬ 
posed  today  without  any  sign  of  deterioration,  long  after  the 
stone  buildings  have,  for  the  most  part,  fallen;  even  the  grain 
of  the  wood  used  for  forms  showing  plainly.  The  question  of 
the  preservation  of  the  reinforcement  is  not  proven  by  struc¬ 
tures  of  as  long  standing  as  the  above,  but  a  sufficient  number 
of  examples  have  been  reported  so  far  of  structures  examined, 
to  warrant  the  conclusion  that  reinforced  concrete  bridges  wdl 
certainly  last  long  enough  to  capitalize  the  difference  in  cost 
over  that  of  steel  bridges,  on  account  of  the  difference  in  the 
cost  of  maintenance  of  the  two  types  of  bridges. 

Possibly  last,  but  not  least,  a  simple  statement  of  the  fact 
that  the  City’s  yearly  paint  bill  amounts  to  approximate]  y 
$43  000  and  the  repair  bill  to  $92  000  is  significant.  This  yearly 
expense  can  largely  be  avoided  by  the  more  general  use  of  con¬ 
crete  or  stone  masonry  bridges. 

If  then,  it  has  been  proven  that  a  particular  type  of  bridge 
is  practically  without  need  of  repairs  and  that,  if  properly  con- 
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structed,  it  is  to  all  intents  and  purposes  permanant,  then  that 
type  of  bridge  is  the  most  economical  to  use,  of  course  limiting 
such  use  to  practicability. 

Owing  to  the  fact  that  concrete  can  be  cast  in  molds,  in  the 
position  it  is  to  finally  occupy,  it  may  be  modeled  into  many 
attractive  shapes.  By  its  use,  bridges  can  be  made  to  conform 
to  lines  that  are  not  possible  in  stone  masonry;  for  long  spans 
the  stresses  may  be  higher ;  the  floor  system  may  be  made  of  beam 
and  girder  design  without  earth  fill,  thus  making  the  dead 
load  lighter  and  the  appearance  more  graceful.  Reinforcing  the 
concrete  makes  it  possible  to  use  slim  arches  and  lighter  struc¬ 
tural  members  in  all  parts  of  the  bridge.  This  causes  a  con¬ 
siderable  saving  in  the  falsework.  The  fact  that  the  earth  fill 
is  not  used  with  a  beam  and  slab  design  for  the  floor  system 
obviates  the  necessity  of  renewing  a  pavement  after  earth  filling 
settles  and  is  an  economy  that  justifies  the  use  of  spans  with 
open  spandrels  even  though  they  are  more  expensive  to  build. 

By  far  the  larger  number  of  bridges  we  have  to  build  are 
over  hollows  that  have  been  erroded  from  the  natural  lay  cf 
the  land.  A  form  of  shale  lies  close  to  the  surface  of  the  sidfs 
of  these  hollows  that  has  proven  strong  enough  to  form  a  srood 
foundation  for  the  heavy  thrust  of  concrete  arches.  The  talus 
from  the  slopes  is  of  a  clayey  nature  and  collects  to  a  consider¬ 
able  depth  in  the  bottom  of  the  gorge,  slipping  almost,  if  nrt 
quite,  away  from  the  slopes.  This  lends  itself  easily  to  the  use 
of  long-span  arches  of  concrete  with  abutments  at  the  rocky 
slopes. 

Selection  of  Type  and  Architecture  of  the  Structure :  The 
first  thing  one  notices  on  taking  up  the  study  of  architecture 
is  that  it  is  to  a  large  extent  historical,  much  depending  on 
precedent.  To  me  it  seems  that  the  state  of  civilization  is  as 
high  now  as  it  ever  has  been  in  the  past.  Greeks  and  Romans 
had  the  ability  and  courage  to  employ  ornamentation  different 
from  that  of  their  predecessors.  It  is  significant  that  their  taste 
and  art  is  admired  even  today.  Those  engineers  and  architects 
who  have  made  most  progress  in  the  use  of  reinforced  concrete 
have  had  the  courage  to  build  structures  whose  architecture  con¬ 
forms  to  the  material  which  they  are  using.  In  the  design  of 
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the  City’s  bridges  it  has  been  our  constant  endeavor  to  couia- 
giously  use  architecture  suited  in  each  case  to  the  materials 
of  construction. 

Many  architects  claim  that  engineers  are  too  utilitarian  and 
do  not  pay  enough  attention  to  beauty  of  structure.  We  think 
we  go  them  one  better  by  adopting  a  sane  view  of  both  sides  of 
the  case  and  work  out  our  problems  with  both  architectural  and 
engineering  ends  in  view.  The  architectural  and  engineering 
parts  of  this  work  go  hand  in  hand. 

In  taking  up  the  design  of  a  concrete  bridge  it  is  our  prac¬ 
tice  to  first  make  a  few  selective  designs  for  the  bridge  in  ques¬ 
tion  without  any  reference  to  stress  calculations.  Various  ideas 
are  worked  out  and  one,  two  and  sometimes  three  drawings 
are  made  showing  these  ideas.  Then  from  these  drawings  the 
best  points  fitting  the  case  are  selected  and  a  final  drawing 
made  showing  the  proper  elevations,  sections  and  details  of  the 
bridge  as  proposed  for  guidance  in  making  the  contract  draw¬ 
ings. 

A  few  principles  which  are  followed  in  planning  the  archi¬ 
tecture  of  a  bridge  are  the  following : 

The  structure  is  planned  first  of  all  so  as  not  to  conflict 
with  any  of  the  engineering  principles  involved. 

Care  is  used  to  give  the  proposed  structure  the  appearance 
of  stability  and  strength.  All  lines  of  the  structure  must  con¬ 
sequently  follow  the  lines  of  stress  and  clearly  show  where  they 
go.  Any  attempt  at  hiding  them  will  cause  the  structure  to 
have  a  weak  appearance.  These  lines  of  stress  are  always  grace¬ 
ful.  It  is  my  firm  belief  that  beauty  in  a  bridge  can  be  more 
effectively  secured  by  graceful,  simple  lines  than  by  any  amount 
of  added  ornamentation  or  bric-a-brac.  No  amount  of  ornu- 
mentation  can  hide  ungraceful  lines  and  make  a  handsome  struc¬ 
ture,  other  things  being  neglected. 

Right  here  is  the  most  important  criticism  to  be  made  of 
the  average  architect’s  w^ork  wThen  he  designs  ornamentation  for 
a  bridge ;  and  I  say  it  wdthout  any  animosity  towards  architec  is 
as  a  class,  but  simply  as  a  fair-minded  statement,  as  it  is  a 
matter  inherent  to  his  training.  The  criticism  is  that  architects 
invariably  attempt  to  use  too  much  detail,  to  fill  up  every 
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available  space  with  bric-a-brac  to  such  an  extent  that  the  atten¬ 
tion  is  apt  to  be  drawn  away  from  a  proper  conception  of  the 
structure  as  a  whole. 

In  working  out  the  ornamentation  for  a  bridge  the  above 
ideas  are  kept  sight  of.  All  lines  of  a  structure  are  first  made 
as  graceful  as  possible,  then  the  moldings  are  made  of  sufficient 
size  to  be  seen  from  the  best  point  of  view  and  are  made  plain 
and  simple.  Dignity  and  impressiveness  of  structure  are  sought, 
to  the  exclusion  of  intricacy  or  minuteness  of  detail.  Such 
ornaments  as  wreaths  of  flowers,  large  bulky  pylons  or  heavy 
statuary  all  have  their  places,  but  should  be  used  with  great 
care.  It  is  most  important  that  the  observer  see  the  bridge  as 
a  whole  easily  and  without  effort,  either  before  or  after  observ¬ 
ing  the  details. 

In  selecting  moldings  for  copings,  arch  rings,  column  caps 
or  bases  and  all  other  parts  of  a  bridge  where  they  are  needed, 
only  such  forms  are  selected  as  it  is  practical  to  build  in  con¬ 
crete.  Details  used  are  large  enough  to  be  seen  from  the  best 
points  of  view  and  they  are  so  proportioned  that  none  stand 
out  so  prominently  as  to  be  inharmonious,  or  to  attract  the 
attention  to  the  exclusion  of  the  rest.  For  this  purpose,  those 
details  farther  away  from  the  observer  must  be  made  larger  and 
deeper  than  those  closer  by.  Care  is  also  taken  to  properly  bal¬ 
ance  the  structure  so  that  no  part  is  either  too  small  or  too 
large,  and  everything  fits  harmoniously  together,  such  as  lengths 
of  abutments  and  approaches.  All  lines  of  the  structure  are  so 
worked  out  that  the  eye  is  involuntarily  drawn  from  the  first 
part  of  the  bridge  seen,  along  towards  some  particular  ornament 
that  is  used  as  a  climax  and  causes  the  observer  to  next  take  in 
the  structure  as  a  whole  rather  than  in  detail. 

The  general  scheme  of  ornamentation  is  selected  with  refer¬ 
ence  to  the  surrounding  neighborhood  and  the  profile  of  the 
hollow  to  be  crossed.  Where  the  hills  or  surrounding  count]  y 
are  higher  than  the  bridge  and  it  is  desirable  to  add  to  the 
appearance  of  height,  the  arrangement  and  lines  of  the  bridge 
are  such  as  to  accentuate  the  height.  Ornamental  lamp  posts 
of  concrete  are  used  to  assist  in  producing  this  effect  since  they 
may  be  made  massive  and  high.  If  the  country  is  flat  at  the  ends 
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of  the  bridge  the  ornamentation  of  the  structure  is  kept  as  low 
as  possible,  and  does  not  extend  above  that  required  for  railing 
posts. 

The  general  scheme  of  ornamentation  is  also  influenced  by 
the  possibilities  of  the  future  in  the  neighborhood  of  the  bridge. 
The  spirit  of  the  City  of  Pittsburgh  has  been,  and  still  is,  utili¬ 
tarian.  The  architecture  of  its  houses  from  the  meanest  to  the 
most  expensive  has  a  sameness  about  it  that  tends  to  monotony. 
There  are  few  cleverly  arranged  schemes  for  neighborhoods. 
Consequently,  it  is  hardly  possible  to  make  the  architecture  of 
public  structures  fit  present  conditions.  Fortunately,  there  a~e 
active  agents  at  work  of  a  public  nature,  which,  in  the  future, 
will  tend  to  improve  conditions,  so  it  is  advisable  to  plan  the 
architecture  of  bridges  with  this  future  in  view. 

Deep  hollows  with  steep  sides  lend  themselves  easily  to  tbe 
type  of  which  the  Larimer  Avenue  bridge,  Fig.  1 ;  Meadow 
Street  bridge,  Fig.  2 ;  and  Atherton  Avenue  bridge,  Fig.  3, 
(over  the  P.  J.  R.  R.)  are  good  examples.  The  reader  ’will 
notice  that  the  rise  of  the  main  arches  is  high  for  these  bridges. 
The  center  line  of  the  arch  rib  is  made  up  of  a  combination  of 
segments  of  circles  fitting  as  close  as  may  be  to  the  line  of  equi¬ 
librium  for  the  dead  load  of  the  structure.  Semi-circular  arches 
for  the  approaches  have  been  found  to  have  better  appearance 
than  segmental  arches  or  girders.  Large,  heavy  piers  separate 
the  main  span  from  the  approaches.  This  accentuates  the  dif¬ 
ference  between  main  span  and  approach,  draws  attention  to 
the  span  and  breaks  up  the  lines  of  the  structure,  avoiding  too 
much  monotony  of  appearance.  Foundations  come  on  the  slope 
at  the  side  of  the  hollow  and,  though  necessarily  massive,  they 
do  not  detract  from  the  appearance  of  the  bridge.  The  abut¬ 
ments  can  be  short  and  low,  and  thus  give  way  for  the  more 
important  parts  of  the  structure. 

Shallow,  wide  hollows  lend  themselves  to  the  type  of  bridge 
of  which  the  Atherton  Avenue  over  the  P.  R.  R.,  Fig.  4,  is  a 
good  example.  Here,  as  before,  the  center  line  of  the  arch  is  as 
close  a  fit  as  may  be  to  the  line  of  equilibrium  for  the  dead  load. 
Where  earth  fill  is  used  the  great  weight  of  the  load  to  be  carried 
causes  the  load  line  to  rise  at  the  haunches.  This  fact  adds  to 
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the  graceful  appearance  of  the  span  as  a  whole.  In  case  there 
are  several  spans,  as  in  the  Atherton  Avenue  bridge  over  the 
P.  R.  R.,  very  high  piers  are  required.  They  often  come  where 
solid  foundation  is  deepest.  However,  the  use  of  reinforcement 
makes  it  possible  to  use  piers  much  lighter  than  would  ordi¬ 
narily  be  supposed  possible.  The  broad  surface  of  the  span¬ 
drel  wall  and  the  portion  directly  over  the  piers  may  be  orna¬ 
mented  quite  effectively,  both  by  means  of  moldings  and  by 
surface  finish.  Such  surfaces  are  broken  up  to  avoid  the  mono¬ 
tonous  appearance  of  a  large  surface  with  the  characteristic  dull 
gray  color  of  concrete. 

It  has  been  found  advisable,  on  account  of  the  rather  unat¬ 
tractive  characteristic  color  of  concrete  to  try  to  attract  the 
attention  of  the  observer,  as  far  as  possible,  by  using  groat 
care  in  the  matter  of  surface  finish.  Progress  has  been  consist¬ 
ently  made  along  this  line.  As  it  stands  at  present  there  are 
several  methods  used.  An  attempt  is  made  at  variety  because 
of  the  number  of  reinforced  concrete  bridges  being  built.  The 
methods  that  have  been  used  are,  first,  rubbing  the  surface  be¬ 
fore  it  sets  hard  and  then  brushing  it  with  a  cement-sand  grour; 
second,  rubbing  the  surface  with  a  carborundum  brick  until  all 
the  surface  material  and  laitance  has  been  rubbed  off.  leaving 
a  smooth,  sandy  surface ;  third,  busli-hammering  the  surface, 
either  all  over  or  in  certain  portions  to  bring  out  some  definite 
idea  or  design.  Of  the  three  used  so  far,  the  last  two  give 
the  best  satisfaction.  The  rubbing  without  grouting  producing 
a  uniform  surface  that  has  the  same  texture  as  the  sand  in  the 
aggregate.  This  finish  is  capable  of  some  excellent  variations 
by  the  use  of  different  sands,  and  if  prepared  sand  is  used  it 
may  be  made  to  have  good  color  effects,  quite  pleasing  to  the 
eye.  There  are  only  a  very  few  examples  of  such  surface  treat¬ 
ment  in  any  kind  of  structure  in  Pittsburgh,  but  they  have 
been  quite  successful. 

The  third  method  requires  that  the  concrete  affected  by  it 
should  be  made  with  a  broken  stone  aggregate,  as  the  stone  will 
break  off  even  with  the  surface  without  flaking  the  mortar  off. 
If  gravel  were  used  the  mortar  would  be  broken  away  from  the 
gravel  lying  close  to  the  surface,  leaving  the  surface  pitted  and 
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Fig.  5.  Typical  Cross  Section  of  Larimer  Avenue  Bridge. 
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very  irregular.  The  effectiveness  of  this  method  may  be  en¬ 
hanced  by  using  crushed  aggregates  having  various  pleasing 
color  effects.  This  has  been  found  to  be  the  most  successful 
and  practical  way  to  introduce  color  into  concrete  in  all  kinds 
of  structures. 

Design ,  Detail,  and  Contract  Specifications :  The  general 
method  used  in  the  design  of  these  bridges  presents  no  special 
problems  that  would  not  be  at  once  adopted  by  any  one  familiar 
with  designing  methods.  It  is  in  the  application  of  the  general 
methods  to  their  particular  uses  that  the  greatest  care  is  needed. 

In  the  design  of  bridges  with  open  spandrals,  the  various 
members  of  the  span  are  arranged  in  a  manner  similar  to  those 
of  a  steel  bridge.  The  floor  slab  rests  on  stringers  which  in  turn 
are  supported  by  cross-beams  at  each  panel  point.  This  design 
has  been  found  to  be  economical  in  small  bridges  and  is  the 
only  possible  arrangement  for  bridges  of  the  magnitude  of  the 
Meadow  Street  or  Larimer  Avenue  structures.  Inference  to 
Fig.  5,  which  shows  a  typical  cross-section  of  the  Larimer  Ave¬ 
nue  bridge  will  show  this  scheme  of  arranging  the  floor  system. 
In  some  of  the  world’s  largest  concrete  bridges,  structural  stoel 
beams  are  used  in  the  floor  system.  But  it  is  my  experience 
that  it  will  take  approximately  as  much  concrete  to  solidly  en¬ 
case  such  a  structure  as  it  does  for  a  concrete  structure.  Thus 
a  reinforced  concrete  structure  uses  little  more  concrete  and 
considerably  less  steel  than  a  steel  structure  solidly  encased  in 
concrete,  and  in  this  respect  is  economical.  Ring  arch  bridges 
supporting  an  earth  fill  can  not  be  varied  in  this  way,  so  that 
there  is  no  need  to  discuss  this  type  of  bridge. 

As  was  explained  for  architecture,  the  design  and  construc¬ 
tion  details  are  worked  out  so  as  to  make  the  bridges  easy  to 
construct.  Beams  and  girders  are  spaced  so  as  to  require  the 
least  possible  amount  of  cutting  of  forms.  The  depth  and 
breadth  of  beams  is  planned  so  that  it  is  possible  to  frame  them 
with  stock  widths  of  plank.  Curves  in  moldings  are  always 
circular  and  either  small  enough  to  be  turned  from  a  solid  piece 
of  lumber  to  the  required  size  or  large  enough  to  make  the  fram¬ 
ing  easy.  Instead  of  proportioning  the  breadth  to  depth  of 
beam  so  as  to  require  the  least  amount  of  forms,  as  is  done  in 


FERGUSON — CONCRETE  BRIDGE  BUILDING  IN  PITTSBURGH  241 

the  case  of  small  structures,  they  are  proportioned  so  as  to 
require  the  least  amount  of  concrete.  This  is  necessary  because 
of  the  difficulty  of  carrying  so  great  weight  at  the  height  re¬ 
quired.  In  the  Larimer  Avenue  bridge,  Fig.  5,  the  floor  shown 
in  the  cut  had  to  be  cast  in  place  at  a  height  of  115  ft.  from 
the  ground.  This  shows  the  necessity  of  economizing  in  the 
weight. 

A  photograph,  Fig.  6.  shows  the  reinforcement  of  the  main 
arch  spans  of  the  Larimer  Avenue  bridge,  in  place  at  the  lower 
portion  near  the  springing,  before  the  side  forms  of  the  ribs 
were  placed.  The  size  and  number  of  longitudinal  angles  in 
each  rib  is  constant  all  over  the  structure  and  may  be  found 
noted  on  Fig.  5.  The  ribs  at  this  point  are  6  ft.  6  in.  deep  at 
right  angles  to  the  axis  of  the  arch.  The  arch  reinforcement  was 
spliced  in  each  key-way.  The  arch  ribs  were  cast  in  sections 
of  about  two  panel  points  and  key-ways,  or  openings,  were  left 
ii  the  ribs  between  all  sections,  one  of  which  is  plainly  seen 
at  the  left  abutment  on  Fig.  6.  As  will  be  seen  from  sketch 
showing  order  for  placing  cencrete  in  Fig.  1,  these  sections 
vere  concreted  in  such  a  sequence  that  the  false  work  was  not 
subjected  to  any  undue  strain,  the  portions  on  the  crown  of 
the  arch  being  concreted  before  the  portions  still  covered  with 
the  forms. 

The  view  shown  in  Fig.  8,  at  the  crown  of  the  arch  in  the 
Larimer  Avenue  bridge  showing  typical  splice  in  the  reinforce¬ 
ment,  was  taken  before  the  side  forms  had  been  placed.  At  the 
left,  where  the  angles  emerge  from  the  concrete,  is  shown  a 
splice  in  the  angles,  mentioned  before.  These  splices  were  lo¬ 
cated  in  the  key- ways,  and  were  left  free  to  move  until  all  the 
sections  of  each  rib  were  concreted  and,  consequently  all  the 
settlement  that  was  liable  to  occur  in  the  falsework  had  taken 
place.  The  holes  for  the  connections  were  then  drilled,  and 
turned  bolts  driven  in  and  tightened,  thus  making  the  reinforce¬ 
ment  a  complete  unit  over  the  entire  arch.  These  key-ways  were 
then  all  concreted  in  one  day.  By  this  means  all  initial  stress 
in  the  reinforcement  was  avoided  and  the  possibility  of  cracking 
the  arch  ribs  prevented. 

These  three  construction  views,  Figs.  6,  7  and  8,  of  the 


Reinforcement  for  Arch  Ribs  in  Larimer  Avenue  Bridge. 
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Larimer  Avenue  bridge  are  interesting  as  they  give  a  better  idea 
of  the  size  of  the  structure  than  would  be  gained  from  Fig.  1 
alone. 

The  design  of  the  reinforcement  is  worked  out  so  that  as 
many  as  possible  of  the  now  numerous  methods  of  reinforcing 
may  be  used  by  the  contractor  in  constructing  the  bridge.  The 
contract  drawings  show  the  arrangement  of  loose  bars  that  will 
be  required  in  each  particular  case.  Areas  of  bars  are  given 
in  terms  of  square  bars,  and  net  sections  only  are  given  because 
this  is  the  arrangement  adopted  by  manufacturers  of  those  bars 
which  are  the  most  desirable  to  use.  Manufacturers  of  definite 
systems  have  arranged  standard  details  for  their  systems  that 
are  quite  satisfactory  and  they  are  able  to  submit  details  of 
reinforcement  that  are  applicable  with  but  few  changes.  The 
specifications  clear  the  way  for  the  use  of  patented  methods  of 
reinforcing  by  stating  that  the  contractor  will  be  allowed  to 
substitute  for  the  reinforcement  shown  on  the  contract  drawings 
any  method  or  system  of  reinforcing,  having  rigidly  attached 
shear  members  in  the  case  of  floor  framing  as  shown  in  Fig.  5. 
In  case  such  a  system  is  used  the  design  and  arrangement  of 
these  shear  members  are  subject  to  the  approval  of  the  City. 
The  strength  of  the  attachment  of  the  shear  members  to  the 
main  bar  must  be  such  that  75  percent  of  those  tested  must 
develop  their  full  ultimate  strength  before  pulling  loose  from, 
and  all  shall  develop  their  elastic  limit  before  slipping  in.  the 
connection  with  the  main  bar. 

In  calculating  the  resisting  moments  of  slabs  or  beams  the 
usual  right-line  formulas  for  stress  deformation  are  used.  In 
the  light  of  present  day  practice  this  is  known  to  be  sufficiently 
accurate.  AVorking  unit  stresses  used  are  as  follows: 

/c=Stress  per  sq.  in.  in  concrete. 

==600  lb.  per  sq.  in.  for  floor  slabs  or  stringers. 

=750  lb.  per  sq.  in  for  cross  beams,  arch  ribs  or  rings. 
/s=Stress  per  sq.  in.  in  steel. 

=12  000  to  15  000  lb.  per  sq.  in.  for  steel  in  tension  where  diag¬ 
onal  stresses  are  carried  by  the  reinforcement,  and 

=n/c  wherever  the  reinforcement  is  in  compression. 

3/e=Resisting  moment  with  respect  to  concrete. 

A=Distance  from  top  of  beam  to  neutral  axis. 
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6=Breadth  of  beam. 

J=Distance  from  top  of  beam  to  center  line  of  steel  in  beam. 
p=Percentage  of  steel. 

w=Ratio  of  modulus  of  elasticity  of  steel  to  that  of  concrete. 

In  making  the  calculations  for  resisting  moment,  use  is 
made  of  a  table  containing  the  necessary  values,  computed 
from  the  right  line  formula.  Values  are  there  given  for  S, 
where 

S=[Ul-ik)k]Fc 

for  values  of  / c  varying  from  / c=50  lb.  to  1000  lb.  per  sq.  in. 
Ly  intervals  of  50  lb.  per  sq.  in.  These  values  are  tabulated 
for  percentage  of  reinforcement  varying  by  intervals  of  0.05 
percent  from  0.05  percent  to  1.5  percent.  The  right  line  for¬ 
mulas  mentioned  above  may  be  written  in  the  form 

Mc=i{l—iJc)kFcbd2 

where  Mc=  the  resisting  moment  in  terms  of  the  stress  on  the 
concrete. 

Suppose  we  let 

— [*(1 — 

then  we  may  write 

Mc=Sbd2 

It  is  this  value  for  S  that  is  given  in  the  tables.  Accom¬ 
panying  each  value  for  S  is  given  the  computed  value  for  F s. 
It  is  now  comparatively  easy  to  design  a  beam  by  means  of  these 
tables,  either  by  assuming  p,  fc  and  Fs  and  computing  bd2  from 
the  equation 

bd2=Mc-+-S 

or  assuming  b  and  d  and  finding  values  for  fc,  p  and  F s  given 
directly  in  the  tables  by  assuming  the  value  of  any  one.  The 
above  described  tables  have  been  computed  for  rectangular 
beams  for  n= 12  and  n= 15  and  I  am  preparing  tables  for  Tee 
beams  for  n= 15.  In  the  case  of  Tee  beams,  the  ratio  of  slab 
(or  flange)  depth  to  the  total  depth  may  vary.  I  have  found 
that  for  ratios  greater  than  0.4,  the  conditions  will  be  the  same 
as  for  rectangular  beams,  and  for  certain  small  values  of  p  the 
value  of  S  will  not  be  greater  than  for  rectangular  beams,  thus 
for  such  ratios  and  percentages  the  corresponding  values  for 
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S  taken  from  the  tables  for  rectangular  beams  will  be  inserted 
in  the  tables.  These  tables  are  based  on  the  equations  given 
in  the  book  by  Turneaur  and  Maurer,  and  used  by  them  in 
making  diagrams  for  Tee  beams. 

The  use  of  such  tables  has  been  found  to  make  short  work 
of  the  otherwise  lengthy  computations  and  the  same  degree  of 
accuracy  is  obtained  as  by  using  the  general  equations. 

While  care  is  used  in  correctly  designing  beams  for  resist¬ 
ing  moment,  the  necessity  of  reinforcing  their  webs  is  not  lost 
sight  of.  Experiments  by  Moritz  (University  of  Wisconsin  En¬ 
gineering  Series,  Vol.  3),  Bach,  Talbot,  Sewell,  and  others  all 
prove  that  the  first  cracks  in  reinforced  concrete  beams  occur 
at  or  below  a  relative  extension  of  0.0001  to  0.0002,  correspond¬ 
ing  to  a  stress  in  the  reinforcement  of  from  3000  to  6000  lb. 
per  sq.  in.  The  accompanying  breaking  tension  in  the  concrete 
will  clearly  not  exceed  200  to  300  lb.  per  sq.  in.  As  soon  as 
such  cracks  have  formed  around  the  reinforcement,  the  con¬ 
tinuity  of  the  concrete  in  the  web  is  broken  up.  The  web  is 
then  unable  to  carry  diagonal  tension  and  reinforcement  is 
necessary  in  that  portion  of  a  beam  where  the  steel  is  stressed 
up  to  the  amount  given  above. 

It  has  been  one  of  the  classic  assumptions  of  theorists  when 
discussing  the  mechanics  of  reinforced  concrete  beams  that  the 
two  materials  deform  together  and  partake,  in  a  measure,  of 
some  of  the  peculiarities  of  a  homogeneous  element.  But  theor¬ 
ies  are  not  finalities  and  are  held  only  until  such  time  as  their 
weakness  is  made  known.  Such  conclusive  experiments  have 
been  made  upon  the  behavior  of  reinforced  concrete  beams  and 
the  materials  constituting  them,  showing  the  futility  of  at¬ 
tempting  to  analyse  all  the  stresses,  as  the  majority  of  book 
writers  do,  that  it  is  surprising  so  very  few  engineers  have 
given  the  subject  the  careful  study  it  deserves. 

.  In  view  of  all  this  the  purpose  of  web  reinforcement  is 
not,  as  the  writer  sees  it,  necessarily  to  prevent  failure  in  di¬ 
agonal  tension  any  more  than  the  purpose  of  the  longitudinal 
reinforcement  is  to  prevent  failure  in  tension  at  the  bottom  of 
the  beam.  This  is  incidental  to  its  main  function,  which  is  to 
carry  certain,  definite  tensional  stresses  developed  within  the 
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beam  at  working  loads  with  the  same  factor  of  safety  as  rein¬ 
forcement  for  any  other  puropse. 

The  theoretical  treatment  of  the  problem  of  designing  weh 
reinforcement  is  a  difficult  one,  chiefly  because  reinforced  con¬ 
crete  beams  are  scarcely  amenable  to  the  principles  of  stress, 
which  are  applicable  to  beams  of  homogeneous  construction. 
This  condition  is  true  for  those  portions  of  a  reinforced  con¬ 
crete  beam  where  the  horizontal  reinforcement  is  stressed  in 
tension  beyond  the  maximum  value  of  6000  lb.  per  sq.  in.,  as 
stated  heretofore.  Where  the  stress  is  below  the  above  amounts 
the  computation  may  be  made  with  the  formulas  given  in  the 
books,  and  derived  from  the  conditions  of  the  homogeneous 
beam,  for  the  continuity  of  the  web  is  not  destroyed  and  the  web 
is  in  a  condition  to  carry  the  stresses.  Web  stresses  are  inti¬ 
mately  connected  with  bond  stresses  between  the  concrete  and 
reinforcement.  The  bonding  stresses  vary  from  point  to  point. 
The  law  of  variation  of  each  stress  along  the  beam  is  similar. 
Web  and  bond  stresses  are  interdependent  in  their  relations. 

Experiments  made  on  beams  reinforced  with  plain  bears 
by  Dr.  Preuss  of  the  Technical  College  of  Darmstadt  (En¬ 
gineering  Record,  Yol.  62,  No.  20,  page  546)  show  that  a  dis¬ 
tinctly  noticeable  slip  of  the  reinforcement  occurs  with  rela¬ 
tively  small  loads  and  that,  indeed,  before  cracks  could  be 
recognized.  Conspicuous  movement  occurred  when  the  bond 
reached  the  value  of  80  lb.  per  sq.  in.  of  the  surface  area  of 
the  bars.  The  experiments  indicated  that  the  movement  in¬ 
creases  rapidly  as  the  cracks  develop.  If  then  a  relative  dis¬ 
placement  between  the  reinforcement  and  concrete  takes  place 
with  small  loadings,  where  plain  round  or  square  bars  are  used, 
it  is  very  clear  that  the  use  of  deformed  bars  will  bring  about 
a  more  definite  and  satisfactory  distribution  of  stresses.  This 
condition  has  led  to  the  use  of  deformed  bars  in  the  design  of 
the  City’s  bridges,  for  the  loads  that  come  upon  the  beams  are 
concentrated  and  concentrated  loads  cause  considerable  local¬ 
ization  of  the  stresses. 

•  / 

In  designing  beams  with  such  loads  as  come  upon  city 
bridges  for  the  loose  bar  method,  I  have  found  that,  if  plain 
bars  are  used,  the  surface  area  required  to  carry  the  bonding 


Fig.  8.  View  at  Crown  of  Arch  in  Larimer  Avenue  Bridge  showing  Typical  Splice  in  Reinforcement. 


FERGUSON — CONCRETE  BRIDGE  BUILDING  IN  PITTSBURGH  240 

stresses  at  80  lb.  per  sq.  in.,  as  recommended  by  the  Joint  Com¬ 
mittee,  will  be  so  great  that  no  bars  at  all  could  be  turned  up  to 
carry  the  diagonal  stresses.  If  deformed  bars  are  used  and  a 
value  of  150  lb.  per  sq.  in.  be  assumed  for  the  bonding  strength 
a  sufficient  number  of  bars  may  be  turned  up  to  carry  the  web 
stresses  between  the  point  where  the  horizontal  reinforcement 
has  reached  a  stress  of  6000  lb.  per  sq.  in.  and  the  support  for 
the  beam.  Between  this  point  and  the  center  of  the  span  all 
concentrated  loads  must  be  cared  for  in  some  other  way. 

In  designing  with  rigidly  attached  diagonal  web  members 
the  above  condition  occurs  between  the  point  where  the  tension 
has  reached  6000  lb.  per  sq.  in.  and  the  support.  Between  this 
point  and  the  center  of  the  span  all  considerable  increments  in 
the  stress  of  the  reinforcement  may  be  taken  into  the  web  by 
the  rigidly  attached  web  members.  This  stress  should  be  re¬ 
solved  in  the  direction  of  the  web  members  in  calculating  the 
area  required  to  carry  the  stresses.  Where  the  localized  bond 
stress  is  thus  carried  directly  into  the  web  the  bonding  stresses 
will  be  carried  as  tensional  stress  by  the  web  members  and  will 
not  become  distributed  along  the  horizontal  reinforcement.  In 
this  case  the  horizontal  reinforcement  may  be  made  from  plain 
or  smooth  bars,  and  may  be  stopped  off  where  not  required.  As 
to  actual  shear,  unaccompanied  by  tension,  to  carry  the  ten- 
sional  stresses,  beams  correctly  designed  for  the  tensional  web 
stresses  will  not  be  overstressed  if  the  depth  of  beam  approxi¬ 
mates  the  economical  depth. 

In  addition  to  the  specification  mentioned  before,  for  the 
use  of  methods  of  reinforcing  having  rigidly  attached  web  mem¬ 
bers  a  specification  is  written  covering  the  use  of  deformed  bars 
in  the  loose  bar  method  which  is  here  quoted  verbatim : 

'‘Any  deformed  bar  may  be  used  having  deformations,  lugs 
or  corrugations  which  present  a  positive  shoulder  to  the  con¬ 
crete  having  an  angle  of  not  less  than  45  deg.  with  the  axis  of 
the  bar.  Bars  having  deformations  with  sharp  corners  or  deep 
corrugations  apt  to  form  air  pockets  or  deformations  having  a 
wedging  action  tending  to  split  the  concrete  will  not  be  ac¬ 
cepted.  The  net  cross-section  of  such  bars  shall  be  the  least 
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possible  section  whether  taken  at  right  angles  to  the  axis  of 
the  bar  or  not.” 

This  specification  has  resulted,  so  far,  in  the  use  of  only 
such  bars  as  are  practical  and  are  free  from  many  of  the  ob¬ 
jections  to  so  many  bars  whose  only  excuse  for  existence  is  the 
variety  of  wings,  knobs,  twists,  etc.,  used  as  talking  points. 

In  working  out  the  details  on  the  contract  drawings  every 
part  of  the  bridges,  including  structural  details,  details  of  mold¬ 
ings,  of  the  reinforcement,  size  and  depth  of  foundations,  etc., 
are  shown  with  as  much  completeness  and  care  as  is  usual  in 
the  case  of  steel  bridges.  Everything  is  carefully  and  plainly 
shown,  so  that  contractors  may  estimate  and  bid  with  the  same 
accuracy  as  for  a  steel  bridge. 

The  method  used  in  designing  arches  for  the  City  's  bridges 
is  part  graphical  and  part  analytical.  This  method  is  simple, 
accurate  enough  for  all  practical  purposes,  and  much  more 
quickly  worked  out  than  the  shortest  possible  analytical  method. 
It  is  also  more  accurate  than  the  usual  graphical  methods.  By 
its  use  the  accuracy  obtained  is  comparable  with  the  analytical 
methods.  Finally,  the  speed  with  which  it  can  be  worked  out 
is-  comparable  with  the  shorter  graphical  methods,  and,  con¬ 
sidering  the  probable  and  possible  imperfections  of  the  build¬ 
ing  operations,  is  just  as  satisfactory  as  if  the  arches  had  been 
designed  analytically. 

As  it  was  not  intended  in  this  paper  to  enter  into  any  de¬ 
tailed  theoretical  discussion  of  any  of  the  designing  methods 
used,  I  shall  only  describe  the  operation  of  this  method  as  it 
was  used  in  preliminary  design  of  the  Murray  Avenue  bridge, 
leaving  the  detailed  theoretical  anaylsis  to  Mr.  T.  J.  Wilkerson, 
who  expects  to  give  a  description  of  this  before  the  Society  at 
some  later  date. 

This  bridge  is  to  be  of  the  earth-filled  type.  The  clear  span 
of  each  of  the  two  arches  will  be  117  ft.  6  in. 

This  method  of  analysing  the  stresses  in  this  and  various 
other  arches  was  suggested  by  that  given  in  the  “Anaylsis  of 
Elastic  Arches”'  by  Balet,  and  the  formulas  used  for  computing 
Vo,  Vi  and  y2  are  the  usual  ones,  derivation  of  which  is  clearly 
given  in  Johnson's  “Framed  Structures”,  Merriman’s  “Higher 


Fig.  9.  Preliminary  Strain  Sheet  for  Murray  Avenue  Bridge. 
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Structures”,  Part  4,  and  “Trusses  and  Arches — Graphic  Met¬ 
hod”,  Part  3,  C.  E.  Greene. 

The  method  of  calculating  the  stresses  is  briefly  outlined 
in  the  following  paragraphs. 

Since  the  thrusts  along  the  arch,  due  to  the  dead  load  of 
the  structure,  are  heavy  in  comparison  to  those  due  to  the  live 
load  and  other  varying  conditions,  and  since  these  varying  con¬ 
ditions  cause  the  line  of  pressure  to  shift  its  position  within  the 
arch,  and  as  this  shifting  is  as  often  away  from  the  arch  axis  as 
it  is  toward  it,  the  axis  of  the  arch  is  made  to  conform  as  closely 
as  possible  to  the  line  of  pressure  for  the  dead  load. 

It  is  possible,  by  means  of  a  few  trials,  to  make  the  curva¬ 
ture  of  the  axis  of  an  arch  fit  very  closely  to  the  line  of  pres¬ 
sures  for  the  dead  load.  This  line  of  presures,  as  wdll  be  seen 
later,  is  not  an  arbitrary  line  passing  through  the  middle  third  of 
the  arch,  or  which  may  be  drawn  by  any  other  assumption,  but 
it  is  a  true  line  of  pressures,  defined  and  located  by  the  static 
laws  of  forces,  and  the  elastic  law  governing  the  material  of 
which  the  arch  is  made. 

The  stresses  in  the  arch  ring  of  the  Murray  Avenue  Bridge 
are  calculated  for  a  strip  of  arch  one  foot  wide  and  all  load¬ 
ings  computed  on  this  basis.  The  arch  was  assumed  with  a 
span  of  117  ft.  6  in.  and  a  rise  on  the  axis  of  23  ft.  3  in.  after 
several  trials.  The  crown  thickness  was  assumed  to  be  34  in. 
deep,  and  the  thickness  of  the  arch  to  increase  from  the  crown  to 
the  springing  directly  as  the  secant  of  the  angle  of  inclination 
of  the  axis  of  the  arch  from  the  horizontal,  and  the  curvature  of 
the  arch  axis  to  be  segments  of  circular  arcs,  or  what  is  com¬ 
monly  known  as  a  three  centered  arch.  The  radii  and  other 
details  are  shown  on  the  strain  sheet.  Fig.  9. 

The  first  operation  necessary  is  to  find  the  rise  of  the  equiva¬ 
lent  parabola.  This  equivalent  parabola  may  be  defined  as  the 
parabola  enclosing  an  area  between  the  curve  and  its  chord, 
equal  to  the  area  between  the  arch  axis  and  its  chord.  When 
the  two  curves  are  so  placed  that  their  chords  coincide  and  the 
difference  in  the  ordinates  of  the  two  curves  are  relatively  small, 
these  two  curves  will  have  the  same  intersection  locus  and  tan¬ 
gent  curves,  with  certain  corrections  due.  to  the  differences  in 
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curvature.  In  consequence,  the  values  for  y0,  ylf  and  i/„  are 
derived  for  the  case  of  the  parabolic  arch  in  “Trusses  and 
Arches,  Graphic  Method/’  by  Prof.  C.  E.  Greene,  on  page  60, 
and  in  “Higher  Structures”,  part  4,  by  Merriraan  and  Jacoby, 
and  the  formulas  are  as  follows : 

I  ff 


^\b 

1+  6J 


y  2=  A 


R 


and  they  have  been  adapted  into  the  following  form  to  facilitate 

our  work: 


2/o=  f  tf1 

2/i=tV^ 


l  +  10b  \ 
1+  2b  J 


2/2 — A#1 


f  Z  —  | 

(/—  26  J 


Where  /21  is  the  rise  of  the  equivalent  parabola,  b  is  the 
distance  from  the  center  of  the  span  to  the  various  panel  points, 
and  l  is  the  span. 

The  distance  b  is  not  taken  to  the  center  of  each  panel  di¬ 
vision,  but  is  taken  to  the  center  of  gravity  of  each  such  division. 
A  common  and  simple  device  is  used  to  graphically  locate  these 
centers  of  gravity  as  follows:  The  earth  filling  is  theoretically 
reduced  to  an  equivalent  volume  of  concrete,  the  top  surface  of 
which  is  defined  by  the  points  l,  lx,  l2,  etc.,  for  half  the  arch 
as  is  shown  on  the  strain  sheet,  Fig.  9  Then  the  center  line  of 
this  equivalent  volume,  combined  with  the  volume  of  the  arch 
ring,  is  drawn  through  the  points  i,  ix,  i2,  etc.,  after  this,  the 
distance  l — m=l1 — kx  and  kx — nT=k — l  etc.,  for  each  panel 
are  laid  off  and  straight  lines  drawn  from  m  to  nx;  m, — n2,  etc. 
for  all  panel  points.  The  intersection  of  these  lines,  m — a,  m, — 
n2  etc.,  with  the  center  line,  i,  ix,  i2  etc.,  are  the  centers  of  gravity 
for  each  of  the  panel  divisions,  and  are  used  as  panel  points 
in  the  subsequent  calculations  for  y0,  y ,,  y2  for  the  arch. 
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After  this,  the  panel  loads  are  computed,  the  volume  being 
found  by  scaling  the  dimensions  of  the  equivalent  volume  and 
the  arch  ring  inclusive,  and  multiplying  by  the  weight  of  con¬ 
crete  per  cubic  foot.  In  finding  the  equivalent  volume,  the 
weight  of  the  earth  filling  on  the  arches  was  assumed  to  be  120 
lb.  and  the  concrete  150  lb.  per  cu.  ft.  The  horizontal  pressure 
per  panel  length  was  found  by  multiplying  the  horizontal  pres¬ 
sure  per  square  foot  for  the  average  depth  of  fill  within  the 
panel  distance  by  the  total  vertical  projection  of  that  portion  of 
the  arch  extrados  in  the  panel.  This  horizontal  pressure  per 
square  foot  was  taken  as  one-third  the  vertical  pressure  at  any 
point. 

In  the  strain  sheet,  see  Fig.  9,  the  lines  1 — 1 ;  2 — 2,  etc., 
are  drawn.  In  the  figure,  only  necessary  portions  of  these  lines 
are  drawn,  so  as  to  leave  the  space  as  open  and  clear  as  pos¬ 
sible  for  locating  the  resultant  lines  of  the  forces  acting  upon 
the  arch. 

The  Component  Diagram  for  the  dead  load  was  next  laid 
off  as  follows :  The  vertical  portion  of  the  dead  load  computed 
for  panel  point  No.  1  was  laid  off  from  o  to  ax;  the  horizontal 
earth  pressure  for  the  same  panel  point  was  then  laid  off  from 
ax  to  a2,  and  the  vertical  and  horizontal  loads  being  thus 
graphically  added  together,  their  sum  can  now  be  resolved  into 
two  components,  viz :  the  reactions  at  the  left  and  right  abut¬ 
ments  by  drawing  a  line  from  a2  parallel  to  the  right  hand 
component  and  from  o  parallel  to  the  left  hand  component  for 
panel  point  No.  1  intersecting  at  a.  Similarly,  beginning  at  a , 
the  component  diagram  for  panel  point  2,  and  at  5,  c,  etc.,  the 
four  remaining  panel  points  on  the  left  half  of  the  span  are 
each  laid  off.  The  components  of  the  panel  loads  on  the  right 
half  of  the  span  are  equal  to  the  components  on  the  left  half, 
and  the  components  for  the  panel  loads  at  6,  7,  8,  9,  and  10  are 
drawn  without  having  to  resolve  these  loads  into  their  com¬ 
ponents.  Similarly,  the  right  hand  components  for  the  panel 
loads,  1,  2,  3,  4  and  5  are  drawn  for  use  later,  and  they  are  V — a1 
dd-fe1,  Zd-c1,  etc. 

These  components,  of  all  panel  loads,  for  the  left  reaction, 
have  now  been  graphically  added  together  in  the  dead  load 
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component  diagram.  Their  resultant,  O-V,  is  the  resultant 
thrust  at  the  left  abutment,  and  the  horizontal  and  vertical  re¬ 
actions  are  found  by  resolving  O-V  horizontally  and  vertically. 
If  the  component  diagram  has  been  drawn  correctly,  the  vertical 
reaction  should  agree  with  the  sum  of  the  vertical  panel  loads 
on  the  left  half  of  the  span.  This  last  fact  affords  a  check  up¬ 
on  the  graphical  work  so  far  as  is  now  explained. 

The  total  horizontal  thrust  for  the  dead  load  of  the  arch 
is  that  shown  in  the  diagram,  and  the  calculated  horizontal 
pressure  of  the  earth  filling  on  the  arch  must  be  subtracted  from 
the  total  horizontal  thrust,  given  by  the  diagram,  and  the  read¬ 
er  will  see  that,  instead  of  first  guessing  and  then  trying  again, 
as  is  done  in  about  all  the  other  graphical  methods,  the  pole  dist¬ 
ance  for  the  loading  is  calculated  graphically  and  checked. 

The  manner  of  drawing  the  line  of  pressure  for  the  dead 
load  is  about  the  same  as  is  explained  in  the  book  by  Balet. 
A  pole  P-D  L  is  arbitrarily  taken.  A  line  P-0  was  drawn  para¬ 
llel  to  the  line  P-o  of  the  diagram  above  the  left  half  of  the  arch 
at  any  arbitrary  location.  From  the  intersection  of  P-0  and 
component  line  1-1,  prolonged  above  the  intersection  locus,  a  line 
was  drawTn  parallel  to  P-a  to  an  intersection  with  component 
line  2-2  prolonged.  Similar  lines  are  drawn  parallel  to  P-b, 
P-c,  etc.,  intersecting  on  the  prolonged  component  lines  3-3 ,  4-4, 
etc.  The  closing  lines  P-0  and  P-V  intersect  at  V1.  This  diagram 
complete,  is  called  the  “reciprocal  diagram/’  From  V1  a  line  is 
drawn  parallel  to  V-0  of  the  dead  load  component  diagram. 
This  line  is  the  first  portion  of  the  line  of  pressure  for  dead  load 
within  the  arch,  and  also  the  resultant  thrust-line  for  the  dead 
load  of  the  arch. 

Next,  the  line  p-a  of  this  reciprocal  polygon  is  continued 
until  it  intersects  the  closing  line  P-V.  From  this  intersection 
is  drawn  a  line  a-V,  parallel  to  a-V  in  the  component  diagram. 
This  line  intersects  the  right  hand  reaction  of  panel  load  7  at  r. 
From  r  a  line  is  drawn  parallel  to  a-al  of  the  component  diagram. 
Thus  all  the  forces  to  the  right  of  panel  point  No.  1  have  now 
been  added  together,  and  their  resultant  is  given  by  a-al  in  mag¬ 
nitude  and  r-s1  in  direction  and  location  within  the  arch. 

The  reader  will  note  that  this  line  is  the  second  portion  of 
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the  line  of  pressure,  and  that  it  intersects  the  first  portion  on 
the  line  l-l1,  which  is  the  resultant  of  the  vertical  and  horizontal 
panel  load  at  1. 

The  third  portion  of  the  line  of  pressures  is  found  by  ex¬ 
tending  p-b  to  an  intersection  with  P- V,  in  the  reciprocal  poly¬ 
gon,  drawing  P-V  parallel  to  b-V  of  the  component  diagram  to 
an  intersection  with  a  line  which  is  the  resultant  of  the  right 
hand  reaction  component  of  panel  loads  1  and  2.  This  line  is 
drawn  tangent  to  the  envelope  of  the  right  hand  reaction  com¬ 
ponents  (or  the  intersection  of  the  components  for  panel  points 
1  and  2  is  easily  found  in  the  present  diagram)  parallel  to  V-b 1 
of  the  component  diagram.  From  this  intersection,  a  line  is 
drawn  parallel  to  b-b1.  This  line  will  be  seen  to  be  the  third 
portion  of  the  line  of  pressures:  The  proceedure  for  the  suc¬ 
ceeding  panel  loads  is  similar.  In  each  case  the  lines  a-a1,  b-b1, 
etc.  in  the  component  diagram  give  the  magnitude  of  the  thrust 
and  by  resolving  these  forces  along  and  normal  to  the  arch  axis 
at  the  panel  points,  the  axial  thrusts  and  the  shear  are  found. 
This  has  been  done  in  the  dead  load  component  diagram,  and  the 
thrusts  noted  ready  for  use  in  computing  the  stresses  later  on 
This  line  of  pressures  may  be  checked  simply  by  using  0  as  a 
pole,  and  beginning  at  S  and  laying  off  upward  the  vertical  and 
horizontal  panel  loads  in  the  reverse  order,  and  proceeding  with 
the  polygon  as  described  in  “Trusses  and  Arches,  Graphic/’  by 
Prof.  C.  E.  Greene.  The  position  of  the  actual  springing  line, 
denoted  by  S,  can  be  proven  or  checked  as  follows : 

From  the  intersection  of  1-1  and  2-2,  the  left  hand  reaction 
components,  draw  a  line  parallel  to  O-b  of  the  component  dia¬ 
gram  to  an  intersection  with  3-3,  and  from  this  intersection  a 
line  parallel  to  O-c  is  drawn,  intersecting  with  4-4,  and  so  on 
around,  and  the  last  line  parallel  to  O-V  should  coincide  with 
8-V1,  and  thus  check  its  location. 

One  of  the  simple  propositions  of  the  mechanics  of  forces 
is  that  a  given  force  may  be  replaced  by  a  new  force  through 
a  point  without  the  given  force  plus  a  couple,  consisting  of  the 
product  of  the  given  force,  by  its  distance  from  the  point.  This 
is  what  is  now  done.  Using  panel  point  No.  1  for  a  concrete  in¬ 
stance,  the  thrust  is  given  by  O-V  of  the  dead  load  component  dia- 


FERGUSON — CONCRETE  BRIDGE  BUILDING  IN  PITTSBURGH  257 

gram  and  the  distance  from  the  line  of  pressure  to  the  axis  of  the 
arch  is  the  arm  of  the  couple,  or  moment.  In  computing  the 
stresses  at  any  panel  point,  the  section  through  the  arch  is  tak¬ 
en  immediately  below  the  panel  point  so  as  to  take  the  maximum 
thrusts  possible.  The  line  O-V  of  the  dead  load  component  dia¬ 
gram  gives  the  amount  of  this  thrust  and  8-V  of  the  lines  of 
pressure,  its  location.  The  acting  arm  is  the  perpendicular  let 
fall  from  the  panel  point  on  the  axis  of  the  arch  upon  S-V. 
This  couple  is  the  bending  moment  caused  by  the  dead  load 
thrusts  on  the  arch.  Resolving  O-V  of  the  component  diagram 
along  a  line  parallel  to  the  tangent  to  the  arch  axis  at  the 
panel  point  gives  the  axial  thrust.  The  thrusts  at  all  the  panel 
points  of  the  arch  to  the  left  of  the  crown  are  found  in  a  manner 
similar  to  the  above,  for  the  dead  load  of  the  structure. 

In  order  to  find  the  thrusts  along  the  axis  and  bending 
moments  at  the  panel  points  for  live  load,  a  method  similar 
to  that  employed  by  the  dead  load  is  employed.  It  is  neces¬ 
sary  first  to  find  out  what  uniform  live  load  moving  across  the 
arch  would  have  the  same  effect  as  the  wheel  loads  of  the  street 
cars  that  are  expected  to  cross  the  bridge. 

The  live  loading  was  assumed  to  be  the  heaviest  under  the 
street  car  tracks,  and  the  one  foot  wide  ring  was  assumed  be¬ 
neath  these  tracks.  Street  cars  were  placed  so  as  to  cause  a 
maximum  bending  moment  at  the  quarter  point  of  the  span, 
and  the  bending  moment  computed,  as  for  a  beam.  For  a  uni¬ 
form  load  p  over  the  entire  span  of  a  beam,  the  moment  at  the 
quarter  point  is  M= 32/3  x  pi2,  and  solving  for  p,  p=32/3  x  Ml2 
whence,  letting  M  equal  the  above  moment  at  the  quarter  point, 
p  is  found  to  be  210  lb.  per  linear  foot. 

Having  found  this  equivalent  uniform  live  load,  panel  loads 
are  computed  for  the  same  panel  points  that  were  used  for  the 
dead  load  analysis  by  assuming  that  the  load  at  each  panel 
point  will  be  one-half  of  that  between  its  neighboring  panel 
point  on  either  side.  As  in  the  case  of  the  dead  load,  it  will 
be  necessary  to  take  into  consideration  the  horizontal  pressure 
against  the  arch  in  a  longitudinal  direction,  and  this  pressure 
is  computed  in  a  manner  similar  to  that  for  the  dead  load; 
assuming  that  one-third  the  vertical  pressure  of  the  live  load  is 
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transmitted  laterally;  the  lateral  pressure  will  then  become  1/3 
of  210  lb. =70  lb.  per  sq.  ft.,  and  this  lateral  pressure,  multi¬ 
plied  by  the  same  vertical  projection  of  each  panel  division  as 
was  used  for  the  dead  load,  gives  the  horizontal  pressure  acting 
at  each  panel  point. 

The  live  load  component  polygon  was  then  worked  out 
from  the  panel  loads,  computed  as  above,  in  a  manner  exactly 
like  that  used  for  the  dead  load,  and  the  reciprocal  polygon 
for  the  live  load  drawn  on  the  right  half  of  the  arch  in  the  same 
way. 

The  manner  of  handling  the  live  load  diagram  is  different 
from  that  for  the  dead  load,  for  the  live  load  is  assumed  to  be 
located  upon  the  span  so  as  to  produce  the  maximum  stresses 
in  the  outer  fibers  of  the  arch  ring  at  each  panel  point. 

Explanation  of  the  manner  of  working  out  one  panel  point 
only  is  necessary.  The  method  is  similar  for  all  the  panel 
points,  and  need  not  be  given,  as  it  may  be  traced  out  on  tho 
diagrams. 

The  explanation  is  for  panel  point  No.  1  or  No.  10,  and  is 
as  follows  for  the  intrados  only;  all  the  other  panel  points  be¬ 
ing  worked  out  in  a  similar  manner  from  the  general  principle 
that  sections  are  taken  through  the  arch,  and  the  thrusts  and 
moments  set  up  within  the  arch  must  resist  the  forces  passing 
through  the  section.  At  the  right  half  the  arch  at  panel  point 
10  the  panel  point  is  taken  where  10-10 1  intersects  the  axis 
of  the  arch.  (This  is  done  because  the  line  of  pressure  for  full 
live  load  is  similar  to  that  for  dead  load  and  it  was  found  in  the 
analysis  for  the  dead  load  that  the  segments  of  the  line  of  pres¬ 
sures  intersect  on  the  components  of  the  vertical  and  horizontal 
spandrel  pressures  combined.)  The  right  hand  components  of 
all  the  panel  points  3  to  9  inclusive  are  seen  to  pass  below  the 
axis  of  the  arch  at  the  panel  point.  The  arch  will  then  be 
loaded  from  panel  points  3  to  9  inclusive  for  maximum  compres¬ 
sion  on  the  intrados  and  tension  on  the  extrados.  In  the  L.  L. 
component  diagram,  see  panel  components  3  to  9  inclusive  are 
inclosed  by  lines  P-h  and  P-a.  Continue  lines  P-h  and  P-a 
of  the  reciprocal  polygon  till  they  intersect.  From  this  inter¬ 
section  draw  a  line  h-a  parallel  to  h-a  of  the  component  dia- 
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gram.  This  line  is  the  thrust  and  its  distance  2.7  ft.  from  the 
arch  axis  at  the  panel  point,  the  acting  arm.  The  bending  mo¬ 
ment  upon  the  arch  will  be  the  product  of  the  thrust,  17  550 
lb.  by  2.7  ft.  4  in.  in  foot  pounds,  and  the  axial  thrust  is  found  by 
resolving  h-a  of  the  component  diagram  in  lines  parallel  and 
normal  to  the  arch  axis  at  the  panel  point.  This  thrust  is  C== 
17530  lb. 

The  method  of  working  out  the  moments  and  thrusts  re¬ 
sulting  from  temperature  changes  is  about  the  same  as  in  the 
analytical  method,  and  the  horizontal  thrust  is  computed  from 
the  formula 

_45  E  It^c 
"  U  R2 

which  may  be  found  in  Balet’s  book  in  which  R  equals  the  rise  in 
inches  of  the  arch  axis  and  c  equals  the  coefficient  of  expansion 
and  contraction  of  concrete  for  temperature  changes.  In  this 
case,  instead  of  attempting  to  calculate  an  average  I  for  the  arch, 
as  advocated  by  so  many  writers,  I  is  calculated  for  the  arch  rib 
at  the  point  where  the  temperature  thrust  line  crosses  the  axis 
of  the  arch.  This  has  been  done  in  this  case  as  it  appears  to  be 
as  near  to  a  correct  average  as  it  is  possible  to  compute  it  by 
the  methods  employed  by  several  authors  to  calculate  an  aver¬ 
age  7.  Of  course,  my  judgment  may  be  wrong  in  this,  but  it 
has  been  my  opinion  that  the  correct  solution  for  this  thrust 
should  be  derived  with  the  least  7  as  a  factor  of  the  formula  for 
the  amount  of  the  thrust,  as  the  thrust  due  to  change  in  the 
length  of  the  arch  depends  upon  the  strength  of  the  arch  to 
resist  bending  and  the  amount  of  the  thrust  will  be  limited  by 
the  least  strength  instead  of  the  average  strength  in  resistance 
to  flexure. 

This  horizontal  temperature  thrust  is  computed  first  for 
a  temperature  change  of  one  degree  Fahrenheit,  and  then  multi¬ 
plied  by  the  degrees  of  change  in  temperature  it  is  considered  the 
arch  will  undergo,  and  this  has  been  assumed  to  be-|-20  degrees 
and — 40  degrees  from  the  most  probable  future  temperature 
when  the  concrete  will  be  placed  within  the  arch  ring  in  the 
case  of  the  Murray  Avenue  bridge.  Moments  are  computed 
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for  the  various  panel  points  by  multiplying  this  thrust  by  its 
vertical  distance  from  the  axis  of  the  arch  at  each  panel  point, 
and  the  axial  thrust  is  obtained  by  multiplying  the  horizontal 
thrust  by  the  appropriate  amount  as  given  in  the  diagram  for 
axial  thrust  components  for  temperature  changes  and  rib  short¬ 
ening. 

The  moments  and  axial  thrusts  for  rib  shortening  are  found 
last,  after  an  average  stress  has  been  estimated  from  the  moments 
and  thrusts  for  live  and  dead  loads  and  temperature  changes. 
The  formula  for  rib-shortening  thrust  is 

lls  k  R\ 

where  / c  equals  the  average  stress  in  the  concrete  in  the  whole 
arch  and  R  equals  the  rise  of  the  arch  axis  in  inches,  and  it  is  to 
be  found  in  Balet’s  book. 

As  in  the  case  of  temperature  changes,  the  I  used  in  this 
formula  was  computed  for  the  arch  at  the  point  where  the  thrust 
line  for  temperature  changes  and  rib  shortening  crosses  the  axis 
of  the  arch,  instead  of  attempting  to  compute  an  average  moment 
of  inertia. 

Bending  moments  and  axial  thrusts  are  computed  in  the 
same  way  that  it  is  done  for  temperature  stresses,  and  the 
stresses  are  computed  by  considering  this  rib  shortening  as  a  re¬ 
duction  in  temperature. 

Now,  having  computed  the  axial  thrusts  and  the  bending 
moments  for  each  of  the  forces  producing  stress  upon  the  arch, 
they  were  tabulated  as  given  in  Table  No.  1,  and  values  M  d  2-^-1 
and  c-r-At  computed,  and  finally  the  maximum  possible  stress  is 
computed  from  the  algebraic  sum  of  all  the  maximum  moments 
and  thrusts. 

In  computing  the  maximum  moment  and  stress  at  any  given 
panel  point,  all  possible  moments  and  thrusts,  giving  maximum 
conditions  at  each  point,  are  included  in  the  final  maximum 
moments  and  thrusts.  Thus  the  very  worst  conditions  that  can 
possibly  happen  simultaneously  are  made  use  of  to  calculate  the 
outside  stresses  that  can  occur.  This  means  that  the  arch  is 
evidently  perfectly  safe  if  constructed  with  the  care  that  should 
be  used. 
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Table  No.  1.  Summary  of  Stress  Computations  from  the  Preliminary  Strain  Sheet  of  the  Murray  Avenue  Bridge 


262  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

It  is  not  expected  that  each  and  every  point  in  this  arch 
diagram  is  entirely  correct,  but  the  assumptions  that  are  made  are 
no  farther  away  from  the  truth  than  those  usually  made  by  those 
who  are  expected  to  design  arches,  and  who  have  their  time  and 
abilities  well  taken  up  with  work  that  must  be  gotten  out  on 
time,  and  who  have  no  time  to  study  points  that  are  too  fine  to  be 
of  any  practical  effect  upon  the  wrork  in  hand,  or  that  might 
cause  any  change  in  the  dimensions  of  the  structure.  This  method 
is  sufficiently  accurate  for  all  practical  purposes.  This  statement 
will  be  borne  out  by  Mr.  T.  J.  Wilkerson  in  his  paper  on  the 
subject  and  the  diagram  for  the  Larimer  Avenue  bridge  which 
he  expects  to  read  before  the  Society  at  some  later  date. 

I  regret  that  I  cannot,  in  the  time  available,  give  a  more  com¬ 
plete  description  of  the  method  of  operation  of  this  method  of 
designing  arches,  as  I  used  it  for  the  above  mentioned  arch,  but 
this  description  will  enable  one  to  grasp  the  general  principles 
underlying  it,  I  believe,  and  once  having  such  a  grasp,  the  rest 
is  not  difficult. 


NOTATION  FOR  TABLE  NO.  1  AND  FIG.  9. 


d=Total  depth  of  arch  ring  at  the  panel  point. 

Ac=Total  area  of  cross  section  of  arch  rib,  12  inches  wide. 

As=Area  of  steel  in  cross  section. 

At=Aa-\-14  As 

Here  the  ratio  of  modulus  of  elasticity  of  steel  to  that  of 
concrete  is  n=15.  The  constant  14  is  used  because  an 
area  equal  to  the  area  of  the  steel  has  been  displaced  by 
the  reinforcement. 

/=Jc+Jt 

Where  7c=Moment  of  Inertia  of  concrete  in  cross  section 
using  formula  I=bh3/12  and  7t=Moment  of  Inertia  of 
steel  about  the  axis  of  arch  multiplied  by  14. 

(7= Axial  thrust  of  all  forces,  found  by  resolving  the  thrust 
for  each  point  parallel  and  normal  to  the  axis  of  the  arch 
at  the  panel  point  on  the  arch  axis. 

¥=Moment  of  the  thrust,  found  by  multiplying  the  thrust  by 
its  perpendicular  distance  from  the  panel  point  on  the 
arch  axis. 
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NOTES  ON  GENERAL  DATA 

I  have  prepared  a  table  of  the  larger  concrete  bridges,  giving 
some  very  interesting  information  about  them.  For  the  most 
part  this  table  is  self-explanatory.  The  reader  can  satisfy  him¬ 
self  concerning  the  types  of  each  bridge  from  the  cuts  showing 
them,  and  use  this  as  a  guide  in  studying  the  various  items  of 
in  Table  No.  2. 


TABLE  NO.  2. 


general  data 

ON 

LARGEST 

OF  CITY’S 

CONCRETE.  BRIDGES. 

Height  above 
Ground  ft. 

a,  C 

o  c  a 

£5  C  GG 

as  n 

c 

ad 

ft— 

TO  g 

Total  Cu. 

Yds.  Concrete 

c 

0) 

■  £ 

COST  DATA 

Length 
over  all 
ft. -In. 

.C 

? 

Height  i 
Deepest 
Foundai 

Longest 
Clear 
ft. -In. 

— 

tn 

4)  t- 

tl  o 
c  « 

£!  CJ 

—  u 
-I  o 
ed't; 

rt 

Lin. 

Ft. 

Sq. 

Ft. 

Cu. 

Yd. 

Cu.  Ft. 

EDOW  STREET 

454-0 

50 

80 

81  209-0 

210 

4  050 

433  500 

$158.00 

$3.15 

$17.65 

$0,039 

AfMER  AVENUE  670-0 

50 

110 

114  300-4% 

312 

8  525 

872  000 

208.50 

4.17 

16.50 

0.042 

MSRTON  AVE. 
e  Pittsburgh 
n  Ion  R.  R . 

.418-4  60 

80 

71  170-0 

177 

7  960 

644  000 

217.00 

3.62 

11.50 

0.055 

13RTON  AVE. 
ePenna.  R.  R. .  . 

.380-0  60 

54 

73  90-0 

90  7  400 

519  300 

246.00 

4.13 

12.50 

0.057 

Table  No.  2.  Dimensions  and  Costs  of  four  Reinforced  Concrete 
Bridges  Built  by  the  City  of  Pittsbugrh. 


In  the  last  column  is  given  a  “cost  per  cubic  foot.”  This 
cubical  content  was  found  by  multiplying  the  length  by  the 
breadth  by  the  depth  from  roadway  to  the  bottom  of  foundations. 
The  total  cost  of  each  bridge  is  mentioned  in  Mr.  N.  S.  Sprague’s 
discussion.  The  Meadow  Street  bridge  is  the  only  one  that  has 
been  completed.  Costs  of  the  remainder  have  been  taken  from 
contract  prices,  and  may  be  subject  to  slight  alteration  when  the 
structures  have  been  completed,  but  the  amount  of  alteration 
will  not  materially  change  the  unit  prices  given  in  Table  No.  2. 
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DISCUSSION 

Mr.  Emil  Swensson  :*  It  is  with  much  interest  that  I  have 
listened  to  Mr.  Ferguson’s  paper  and  I  congratulate  him  upon 
the  thoroughness  with  which  he  has  covered  his  subject.  He 
touches  upon  so  many  important  points,  however,  that  it  is  im¬ 
possible  after  one  reading  to  memorize  them  all  for  extempo¬ 
raneous  discussion.  Such  an  important  paper  should  be  care¬ 
fully  read  and  notations  made  before  entering  into  an  intelligent 
discussion  of  it  as  a  whole. 

With  your  indulgence  I  will,  therefore,  only  touch  upon  a 
few  points  that  happen  to  impress  themselves  most  strongly  on 
my  memory : 

First:  In  reference  to  the  author’s  remarks  on  the  relative 
total  cost  of  steel  bridges  and  reinforced  concrete  bridges,  he 
divides  the  total  cost  into  first  cost,  maintenance  cost,  including 
repairs,  and  interest  cost,  depending  upon  the  life  of  the  struc¬ 
ture. 

Notwithstanding  he  frankly  admits  that  the  records  of  such 
costs  for  existing  steel  bridges  in  the  City  of  Pittsburgh  have 
been  difficult  to  obtain,  he  quickly  jumps  to  a  general  percentage 
of  the  first  cost  for  the  other  costs.  With  my  much  more  exten¬ 
sive  knowledge  of  steel  bridges  in  general,  the  percentage  he  ar¬ 
rives  at  seems  entirely  too  high. 

Second:  Mr.  Ferguson  makes  another  very  startling  de¬ 
duction  as  to  the  permanency  of  reinforced  concrete  bridges.  He 
argues  that  because  existing  stone  arch  bridges,  with  excessive 
material,  are  practically  permanent  because  of  their  long  life, 
and  because  very  old  Puzzolan  concrete  foundations  in  favorable 
locations  have  been  found  to  be  in  excellent  condition,  therefore 
the  modern  design  reinforced  concrete  bridges  of  to-day  would 
come  in  the  same  class  and  have  a  life  of  equal  duration.  I  have 
not  yet  drawn  such  conclusions  and  it  seems  to  me  a  very  dan¬ 
gerous  thing  to  predict,  so  early  in  the  life  of  reinforced  concrete 
bridges,  that  they  will  be  of  equal  permanency.  He  seems  to 
forget  that  reinforced  concrete  structures  of  the  modern  type 
are  constructed  of  an  entirely  new  material  and  are  differently 
designed  from  the  old-time  stone  bridges  and  cement  founda- 

•Consulting  Engineer,  Frick  Building,  Pittsburgh. 
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tions.  In  mj7  judgment  they  can  not  be  compared.  Reinforced 
concrete  structures  depend  too  much  upon  the  steel  placed  in 
them  to  provide  for  the  lack  of  tensile  strength  in  the  concrete 
itself,  and,  of  course  are  very  much  lighter  than  either  stone  or 
simple  concrete  structures.  There  is  no  doubt  in  my  mind  but 
that  reinforced  structures  will  be  comparatively  short  lived, 
owing  to  the  fact  that  all  concrete  structures  have  cracks  in  the 
concrete,  which,  even  if  they  are  sometimes  and  in  the  beginning 
incipient,  will  be  discovered  by  the  water  in  the  atmosphere  and 
soil,  which  will  enter  such  cracks  and  attack  the  steel,  with  what 
effect  we  all  know.  What  length  of  time  it  will  take  to  produce 
effects  injurious  to  the  structure  as  a  structure  is  impossible  to 
predict  at  this  stage  of  the  art,  but  something  will  happen  some 
day.  Therefore,  it  is  well  enough  not  to  be  too  sanguine  about 
the  permanency  of  reinforced  concrete  structures. 

Third :  Mr.  Ferguson ’s  deduction  as  to  the  ultimate  econ¬ 
omy  of  reinforced  concrete  bridges  over  steel  bridges,  is,  of 
course,  based  upon  his  belief  that  such  bridges  are  permanent, 
or  of  indefinite  length  of  life,  and  he  freely  admits  that  rein¬ 
forced  concrete  bridges  have  greater  first  cost  than  steel  bridges. 
Thus  if  the  reinforced  concrete  bridges  should  not  have  this 
supposed  permanency,  his  argument  in  favor  of  the  former  over 
the  latter  will  not  figure  out  so  well.  But  even  should  he  be 
right  as  to  the  length  of  life  of  reinforced  concrete  structures, 
the  matter  of  economy  is  not  sufficient  for  selecting  a  reinforced 
concrete  structure  in  preference  to  a  steel  structure.  There  are 
a  good  many  other  reasons  for  selecting  one  or  the  other.  I 
will  mention  one  important  reason,  which  must  be  taken  into 
account  when  selecting  a  reinforced  concrete  bridge.  Practically 
the  only  type  of  bridge  that  can  be  adopted  for  reinforced  con¬ 
crete  construction  is  the  arched  type,  and  in  locations  where 
there  is  not  enough  headroom  for  arch  construction,  a  steel 
structure  is  the  logical  conclusion.  In  fact,  reinforced  concrete 
material  is  not  as  suitable  a  material  to  replace  steel  as  it  is  to 
replace  stone.  Thus  the  topography  of  the  site  for  the  bridge 
has  an  important  bearing  on  the  selection  of  the  material  for 
same.  Speaking  generally,  the  topography  in  Pittsburgh,  with 
its  many  hollows  with  steep  banks,  is  especially  favorable  for 
reinforced  concrete  bridges,  inasmuch  as  it  invites  the  arch  tpve 
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of  bridge.  The  use  of  reinforced  concrete  material  for  tower 
viaducts,  for  lattice  girders  and  trusses,  is,  in  my  judgment, 
very  poor  engineering.  It  is  true  that  many  examples  of  such 
structures  can  now  be  found  throughout  the  country,  but  in 
structures  in  which  the  triangle  form  of  trussing  is  employed 
in  the  design  the  stresses  must  run  to  a  common  point,  and  for 
that  class  of  structures  reinforced  concrete  is  not  suitable.  Such 
designs  can  only  be  considered  a  fad  or  a  craze. 

Fourth :  Mr.  Ferguson  made  quite  an  interesting  discus¬ 
sion  on  the  question  of  plain  bars  versus  deformed  bars.  I 
would  like  to  ask  him  whether  or  not  those  cracks  of  which  he 
spoke  in  the  Darmstadt  experiments  do  not  also  occur  between 
the  shoulders  on  the  reinforcing  bars?  They  certainly  do,  and 
what  is  more,  the  concrete  crushes  against  such  shoulders  and 
when  such  crushing  occurs  the  concrete  is  destroyed  at  such 
points  and,  of  course,  the  necessary  intimate  relation  also  be¬ 
tween  reinforcing  bars  supplying  the  deficient  tensile  value  in 
the  concrete,  and  we  do  not  have  any  more  the  reinforced  con 
Crete  material  that  we  designed  for,  but  two  materials — steel 
and  concrete — acting  separately.  In  my  judgment  it  is  better 
to  put  in  sufficient  steel  and  entirely  rely  upon  the  bonding 
between  the  concrete  and  the  steel;  that  is,  using  low  bonding 
stresses,  rather  than  to  depend  upon  the  shoulders  to  have  the 
steel  and  the  concrete  act  together  as  reinforced  concrete.  Thus 
the  value  of  the  shoulders  of  the  bars  is  practically  limited  by 
the  crushing  strength  of  the  concrete,  and  if  bonding  stresses  are 
made  so  high  that  the  shoulders  on  the  bars  come  into  play, 
then  when  the  concrete  crushes  against  the  shoulders,  the  begin¬ 
ning  of  the  destruction  of  the  member  has  taken  place.  I  am, 
therefore,  in  favor  of  the  use  of  plain  bars,  of  ordinary  commer¬ 
cial  steel,  and  enough  of  them,  with  low  bonding  stresses,  to 
prevent  the  slipping,  rather  than  by  the  makeshift  of  deformed 
bars.  It  follows,  therefore,  that  I  am  not  in  favor  of  steel  of 
high  elastic  limit  because  that  reduces  the  sectional  area  of  the 
steel  and,  consequently,  the  necessary  bonding  between  steel  and 
concrete.  I  realize  that  this  is  a  very  much  disputed  point 
among  engineers,  but  the  safety  of  reinforced  concrete  structures 
demands  that  engineers  should  be  very  conservative  in  the  de¬ 
signing  of  such  structures. 
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The  Author:  Answering  Mr.  Swensson’s  question  about 
the  Darmstadt  experiments,  I  referred  only  to  some  experiments 
made  with  plain  bars.  If  there  were  any  tests  made  on  deformed 
bars  I  do  not  know  of  them. 

Now,  it  is  a  source  of  continual  regret  to  me  that  this 
matter  has  not  been  studied  more  thoroughly  in  America.  I 
do  not  know  of  a  single  case  where  distinguished  parties  have 
studied  carefully  the  relative  action  of  plain  and  deformed  bars 
for  reinforcement,  not  for  the  ultimate  or  breaking  stresses,  but 
under  the  conditions  that  would  exist  when  a  structure  has  its 
working  load.  However,  after  studying  carefully  the  data  I 
have  been  able  to  obtain,  I  have  come  to  the  conclusion  that  the 
cracks  in  concrete  surrounding  reinforcing  bars  in  tension  would 
occur  at  the  same  stress  in  the  case  of  deformed  bars  as  in  the 
case  of  plain  bars.  But  that  the  relative  displacement  of  de¬ 
formed  bars  in  the  concrete  ought  to  be  less  than  that  of  plain 
bars.  I  say  ought  to  be.  Everyone  familiar  with  reinforced 
concrete  construction  knows  what  uncertainties  exist  in  this 
kind  of  work,  and  they  know  that  shocks  to  forms  during  the 
time  concrete  is  setting  often  come  alarmingly  near  to  destruc¬ 
tiveness.  Often  reinforcement  is  surrounded  by  stone,  while  the 
mortar  or  soup  has  run  away,  leaving  only  the  friction  between 
the  stone  and  bars  to  resist  the  strains  put  upon  the  materials. 
Considering  all  the  peculiar  ailments  that  can  happpen,  even 
when  careful,  conscientious  work  is  done,  it  seems  to  me  that, 
even  should  theory  not  prove  the  necessity  of  deformed  bars, 
for  theory’s  sake  alone,  it  is  proper  to  use  deformed  bars,  or 
•their  equivalent,  in  all  reinforced  concrete  work. 

Mr.  N.  S.  Sprague  :*  I  regret  the  extreme  modesty  of  the 
Chairman  and  his  deep  sense  of  propriety  in  calling  upon  me 
to  discuss  the  paper  of  the  evening.  I  feel  that  he  would  have 
done  the  Society  a  much  better  service  had  he  called  upon  some 
member  to  preside  over  the  meeting  while  he  himself  discussed 
this  paper,  because  I  believe  that  he  is  more  eminently  qualified 
to  discuss  it  than  anybody  else  I  know  of. 

To  those  whose  fancy  turns  toward  higher  mathematics  and 
the  study  of  graphics,  and  who  wish  for  a  diversion  from  the 

•Superintendent,  Bureau  of  Construction,  Department  of  Public  Works. 
City  of  Pittsburgh. 
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ordinary  routine  of  their  work,  I  would  suggest  that  they  call 
upon  Mr.  Wilkerson  some  time  at  their  leisure,  when  they  have 
a  week  or  two  to  spare,  and  ask  him  to  explain  the  stress  dia¬ 
gram  of  the  300-foot  arch  of  the  Larimer  Avenue  bridge.  I  am 
convinced  they  will  receive  something  very  satisfying,  and  when 
the  explanation  is  finished  they  will  be  willing  to  accept  his 
theories  without  question. 

Until  the  very  recent  past  the  Bridge  Division  was  pursuing 
the  even  tenor  of  its  way  in  the  design  and  preparation  of  plans 
for  reinforced  concrete  bridges.  We  had  succeeded  in  getting 
four  bridges  under  contract  and  preliminary  plans  made  for 
two  others  when  the  Art  Commission  was  appointed  by  the 
Mayor.  The  Art  Commission  is  composed  of  seven  members,  a 
sculptor,  a  painter,  three  architects,  and  two  other  members 
which  belong  to  neither  of  the  professions  just  mentioned,  and  the 
Mayor  and  Director  of  the  Department  of  Public  Works  are  ex- 
officio  members.  The  Art  Commission  is  clothed  with  authority 

to  pass  upon  and  approve,  among  other  structures,  all  plans  for 

* 

bridges  exceeding  in  cost  $25,000.  The  preliminary  plans  of  the 
Hoeveler  Street  and  Murray  Avenue  concrete  bridges  were  sub¬ 
mitted  to  the  Commission  for  their  approval  and  after  due  con¬ 
sideration  they  recommended  that  we  employ  an  architect.  The 
advice  of  the  Commission  was  followed  and  the  city  employed  an 
architect  and  now  we  have  started  in  on  a  new  era  of  reinforced 
concrete  bridge  design.  The  architect,  Mr.  Roush  (possibly  he  is 
here  this  evening),  seems  abundantly  able  to  produce  the  art  on 
paper  and  the  task  of  producing  these  artistic  features  in  reality 
will  fall  upon  the  engineers  and  contractors.  I  know  Mr.  Swens- 
son  is  not  entirely  in  accord  with  the  artistic  features,  but  I  think 
he  will  be  converted  in  due  process  of  time. 

I  approve  of  the  movement  to  obtain  a  better  artistic  effect 
in  concrete  bridge  design  than  what  has  yet  been  accomplished, 
but,  since  the  work  of  producing  the  various  artistic  features  in 
concrete  construction  is  a  comparatively  new  art,  I  am  of  the 
opinion  that  we  should  proceed  rather  cautiously  until  it  has 
been  fully  demonstrated  from  actual  experience  that  this  class 
of  work  can  be  performed  satisfactorily  and  be  a  credit  to  those 
connected  with  the  work.  The  city,  at  the  present  time,  has  four 
large  concrete  bridges  under  contract  and  contemplates  the 
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building  of  three  more.  The  question  of  the  architectural  treat¬ 
ment  of  these  bridges  which  are  to  be  built  and  the  surface  finish 
of  the  concrete,  as  I  see  it,  is  quite  a  vital  one.  These  bridges 
are  monumental  in  character,  and,  being  located  in  conspicuous 
places,  are  seen  by  thousands  of  people,  and  no  expense  should 
be  spared  in  an  endeavor  to  incorporate  the  artistic  with  the 
utilitarian  features  of  the  structure.  In  my  opinion  it  is  entirely 
within  the  realm  of  possibility  to  build  a  concrete  bridge  which 
will  make  a  better  looking  structure  than  one  built  of  stone,  but 
in  order  to  attain  the  supremacy  of  concrete  over  stone  con¬ 
struction  I  believe  it  will  be  necessary  to  introduce  into  the 
concrete  construction  other  materials,  such  as  terra  cotta,  brick, 
glass,  etc.,  in  order  to  make  a  contrast  and  relieve  the  monotony 
of  the  dull  gray  color  of  the  concrete.  There  is  a  limit  as  to  how 
far  the  City  is  justified  in  increasing  the  cost  of  a  concrete 
bridge  for  decorative  and  artistic  purposes,  which  must  be  de¬ 
termined  by  the  location  of  the  bridge  and  its  surroundings.  I 
am  not  committed  to  the  use  of  concrete  for  bridge  construction 
to  the  exclusion  of  all  other  materials,  but  think  that  the  question 
of  the  proper  material  for  the  construction  of  a  bridge  should  be 
determined  only  after  careful  consideration  of  local  conditions 
and  good  public  policy.  The  burden  of  maintenance  on  the 
steel  bridges  of  the  city  is  large  and  a  source  of  anxiety  to  those 
charged  with  their  maintenance,  but  where  a  bridge  is  removed 
from  the  injurious  effect  of  locomotive  gases  and  other  destruc¬ 
tive  agencies  the  relative  difference  between  the  first  cost  of  a 
steel  and  concrete  bridge  and  the  maintenance  charges  should 
be  carefully  considered  before  arriving  at  a  decision  as  to  the 
materials  for  the  construction  of  the  bridge. 

The  cost  of  the  four  reinforced  concrete  bridges  which  have 
already  been  contracted  for  is  as  follows : 

Meadow^  Street  bridge . $  72,000 

Larimer  Avenue  bridge .  160,000 

Atherton  Avenue  bridge,  over  the  Pittsburgh 

Junction  R.  R .  98,000 

Atherton  Avenue  bridge,  over  the  Pennsylvania 

Railroad  .  95,000 
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In  addition  to  the  careful  preparation  of  plans  and  designs,  it 
is  essential  to  have  the  work  executed  by  competent,  experienced 
and  skillful  workmen,  as  the  best  designs  can  be  ruined  by  inex¬ 
perienced  men.  This  class  of  bridge  building  requires  just  as 
competent  management  and  skilled  workmanship  as  the  erection 
of  a  steel  structure.  Good  judgment  must  be  exercised  in  the 
design  and  building  of  the  falsework  to  support  the  arches,  the 
loading  of  the  falsework,  in  constructing  the  arch  ribs,  the  effect 
of  temperature  stresses,  and  extreme  care  should  be  given  to  see 
that  all  lines  of  the  work  are  true  and  plumb  and  the  finish 
smooth  and  uniform. 

We  have  been  fortunate  in  that  the  contractors  for  the  four 
concrete  bridges  now  under  construction,  who  were  also  the  low¬ 
est  bidders,  had  not  only  adequate  plant  and  capital  but  also 
the  necessary  experience  and  ability  in  executing  work  of  this 
kind.  A  recent  court  decision  holds  that  all  city  contracts  must 
be  awarded  to  the  lowest  responsible  bidder,  and  the  deter¬ 
mination  of  such  responsibility  is  limited  by  an  inquiry  as  to  the 
capital  and  plant  of  the  bidders.  This  decision  has  removed  a 
safeguard  which,  while  it  should  be  executed  with  caution  and 
judgment,  is  an  important  one  in  construction  of  this  character. 

Mr.  V.  R.  Co veld  :*  The  concrete  bridges  built  under  the 
direction  of  the  County  Engineer  have  been  of  the  reinforced 
girder  or  arch  type,  the  latter  not  exceeding  sixty  foot  spans. 

A  reinforced  viaduct,  300  ft.  long  and  60  ft.  high,  with  30  ft. 
spans,  is  now  under  contract  and  partly  constructed.  We  have 
been  successful  in  giving  this  a  bush-hammered  or  crandalled 
surface  with  fine  gravel  concrete.  All  short  spans  recently  de¬ 
signed  in  the  office  have  been  in  reinforced  concrete  or  reinforced 
concrete  faced  with  stone. 

The  design  of  the  floor  slabs  for  highway  bridges  involves 
some  questions  upon  which  exact  experimental  data  are  not 
available.  These  slabs  must  be  designed  to  carry  the  large  con¬ 
centrated  load  of  a  road  roller,  or  motor  truck  at  any  point  on 
the  surface.  It  is  evident  that  a  width  greater  than  that  in 
contact  with  the  concentrated  load  may  be  assumed  to  carry 
this  load  to  the  adjacent  floor  beams  or  stringers,  as  the  case 
may  be,  but  how  much  greater? 

♦Deputy  County  Engineer,  Allegheny  County  Court  House,  Pittsburgh. 
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It  seems  clear  that  the  relative  percentage  of  the  longitudi¬ 
nal  and  transverse  reinforcement  will  play  an  important  part  in 
the  strength  of  the  slab  and  that  the  relative  vertical  position 
of  the  two  lines  of  reinforcement  may  also  enter  into  the  prob¬ 
lem.  The  tests  for  the  mushroom  design  of  flat  floor  slabs  do  not 
apply,  and  after  a  somewhat  extended  correspondence  1  can  not 
learn  that  any  experimental  data  are  available.  It  seems  safe 
to  assume  that  the  load  will  spread  at  an  angle  of  45  degrees  from 
the  top  of  the  slab  to  the  plane  of  the  reinforcement,  but  this 
is  theory,  unsupported  by  data  obtained  from  testing  slabs.  I 
have  learned  that  Prof.  A.  N.  Talbot  is  now  conducting  such 
tests,  but  the  result  will  not  be  available  for  some  time. 

Prof.  H.  R.  Thayer  :f  I  am  very  much  interested  in  the 
discussion  and  pleased  to  hear  so  many  practical  facts.  Usually 
we  come  here  and  listen  to  generalities,  and  whether  Mr.  Fer¬ 
guson  is  correct  or  not  as  to  the  benefits  of  reinforced  concrete, 
he  has  certainly  given  us  something  practical. 

I  share  entirely  in  the  opinion  of  one  of  the  preceding  speak¬ 
ers  that  we  ought  to  go  a  little  slow  in  reinforced  concrete.  Al¬ 
though  we  have  an  admirable  material  and  cue  that  is  going 
to  be  of  very  extended  use,  we  can  proceed  too  rapidly  in  build¬ 
ing  as  extensively  as  we  have  done.  There  is  one  point  in  regard 
to  reinforced  concrete  in  general, — we  must  introduce  more 
skilled  labor  into  the  handling  of  the  material,  and  the  moment 
we  do,  we  are  going  to  run  up  the  cost,  and  when  we  do  run  up 
the  cost,  we  will  have  more  of  an  equality  between  a  steel 
structure  and  reinforced  concrete. 

I  have  been  talking  more  from  a  practical  standpoint,  but 
on  the  theoretical  side,  I  would  like  to  say  that  I  am  very  much 
interested  to  find  out  if  anything  has  been  done  in  regard  to 
the  determination  of  the  proper  thickness  of  the  arch  ring. 
Should  it  be  thin  at  the  middle  and  thick  at  the  sides,  or  the 
reverse,  or  some  other  form  intermediate  between  the  two? 

Mr.  Edward  Godfrey  :*  It  seems  to  me  that  reinforced 
eoncrete  engineering  suffers  not  so  much  from  lack  of  tests  as 
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from  the  inapplicability  of  the  tests  and  from  wrong  interpre¬ 
tation  of  them.  For  example,  there  have  been  tests  made  with 
reinforced  concrete  where  the  reinforcing  was  brass  rods,  and 
cold  drawn  steel.  I  have  not  heard  of  any  being  reinforced  with 
gold  wire,  but  that  would  be  just  about  as  appropriate.  These 
things  are  never  used  in  construction  and  they  do  not  instruct 
us  in  any  manner  that  would  help  us  in  designing. 

I  believe  if  we  would  look  into  the  tests  that  have  shown 
plain  rods  to  have  a  low  gripping  power  in  the  concrete  we 
would  find  that  the  concrete  beams  had  been  watersoaked,  that 
is,  they  have  cured  under  water.  We  know  very  well  that  con¬ 
crete  when  it  sets  under  water  expands  and  does  not  shrink,  and 
when  it  expands  it  will  not  grip  the  rod.  Tests  based  on  any¬ 
thing  of  that  sort  are  just  about  as  appropriate  as  based  on 
polished  rods  in  concrete.  You  can  not  expect  them  to  show  any 
gripping  power. 

So  I  think  that  in  interpreting  tests  of  this  sort  we  might 
just  as  well  leave  out  those  which  do  not  show  conditions  that  we 
want  to  reproduce  in  the  structure.  If  we  have  under-water 
construction  the  only  safe  method  is  to  have  broad  end  anchor¬ 
ages  such  as  washers  and  nuts  and  not  simply  knobs  on  the  side 
of  the  rods.  We  should  depend  entirely  on  the  end  anchorage. 
And  when  we  interpret  tests  that  have  been  watersoaked  we 
should  interpret  them  in  the  light  of  the  facts  of  the  tests  and 
the  applicability  of  them. 

I  want  to  say  in  defense  of  plain  steel  as  a  reinforcement  in 
concrete,  that  you  hear  a  great  deal  of  the  talking  points  of  de¬ 
formed  rods,  but  it  does  not  seem  to  be  financially  beneficial  to 
anyone  to  press  the  talking  points  of  plain  steel.  Plain  steel  has 
many  good  points  that  are  not  hammered  into  us,  because  nobody 
is  especially  interested  in  the  plain  round  or  square  rod. 

The  Author:  In  answer  to  Mr.  Thayer’s  question,  all  I 
can  say  is  that  the  arch  rib  should  be  designed  of  a  thickness  and 
width  sufficient  to  make  its  strength  what  it  ought  to  be  to  carry 
its  load.  When  this  is  done  a  fixed  arch  increases  in  a  certain 
ratio  from  crown  to  springing.  We  are  all  familiar  with  the 
usual  assumptions  along  this  line.  Other  ways  of  varying  the 
size  of  arches,  as  mentioned  by  Mr.  Thayer,  would  be  required 
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if  hinges  were  introduced  into  them.  In  my  mind,  hinged  con¬ 
crete  arches  are  not  desirable,  as  it  is  hard  to  make  them  actually 
work  as  it  is  intended  they  should.  The  only  reason  they  have 
been  introduced,  as  far  as  I  can  see,  has  been  the  difficulty  of 
solving  the  fixed  arch.  However,  to  those  who  have  a  way  of 
computing  the  stresses  in  fixed  arches  readily,  it  is  found  most 
desirable  to  use  them,  for  they  are  the  most  economical  in  the 
end. 

As  for  varying  the  dimensions  of  arch  ribs  or  rings  other 
than  as  required  by  variation  of  forces  to  be  resisted,  I  can  only 
emphasize  the  fact  that  this  would  not  be  either  good  architecture 
or  good  engineering. 

Mr.  R.  A.  Cummings:*  This  evening’s  discussion  is  one 
that  the  engineering  profession  can  afford  to  dwell  upon  at 
length. 

While  much  has  been  written  on  the  subject  of  reinforced 
concrete,  there  yet  remains  a  fascinating  field  for  investigation 
and  research. 

The  City  of  Pittsburgh  is  fortunate  in  having  an  Engineer¬ 
ing  Department  that  has  taken  a  broad  view  of  the  problems  of 
construction.  The  physical  and  topographical  features  upon 
which  the  city  is  built,  demand  a  variety  of  treatment. 

The  materials  available  for  construction  afford  the  engineer 
abundant  opportunity  to  select  that  which  proves  the  most  econ¬ 
omical  and  serviceable  for  his  purpose.  If,  therefore,  the  patron¬ 
age  of  home  industries  promotes  the  welfare  of  a  people,  there  is 
good  reason  for  the  adoption  of  reinforced  concrete  for  the  con¬ 
struction  of  bridges.  However,  other  reasons  are  explained  more 
fully  in  the  paper,  and  little  exception  can  be  taken  to  such 
views. 

It  has  been  generally  understood  that  the  Larimer  Avenue 
bridge  cost  less  money  than  a  similar  structure  in  s'teel.  It  is 
therefore  suprising  to  find  that  the  author  states  that  concrete 
bridges  cost  from  10  to  25  per  cent  more  than  those  of  steel. 
Does  not  this  statement  need  a  little  amplification  ? 

Reference  has  been  made  to  the  work  of  the  ancient  Romans 
and  the  rather  crude  concrete  used  in  their  foundations.  It  must 
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be  noted  that  such  concrete  is  in  excellent  state  of  pres¬ 
ervation  because  the  variations  of  temperature  and  climatic  con¬ 
ditions  there  are  not  comparable  with  the  severity  of  this  lati¬ 
tude. 

It  may  be  well  to  emphasize  the  statement  regarding  the 
unequal  settlement  of  the  earth  filling  in  solid  soffit  arches  and 
to  encourage  the  use  of  spans  with  open  spandrels. 

It  is  almost  impossible  to  discuss  the  architectural  treatment 
of  concrete  bridges.  It  involves  as  many  points  of  view  as  there 
are  nationalities  of  human  beings.  The  engineer  of  the  Hotten¬ 
tot  might  prefer  to  get  along  without  much  decoration,  whereas 
the  European  engineer  would  probably  require  much  decorative 
effect. 

The  American  Engineers,  being  somewhat  heterogeneous, 
are  influenced  by  a  number  of  nationalities.  They  must  neces¬ 
sarily  prefer  a  composite  point  of  view,  combining  the  barren¬ 
ness  of  structural  principles  or  members  with  an  ornamented  and 
decorative  treatment. 

Speaking  from  a  personal  point  of  view,  I  concur  in  the 
principles  cited  by  the  author,  except  his  references  including 
certain  moldings  for  caps  and  bases.  Here,  there  is  danger  of 
accentuating  these  details.  This  disposition  can  be  readily  appre¬ 
ciated  by  reference  to  the  drawing  for  such  a  structure.  A  pil¬ 
aster  or  reveal  in  a  panel  is  sometimes  shown  on  a  drawing  with 
a  light  line  on  one  side  and  a  heavy  line  on  the  shadow  side. 
These  lines  convey  little  or  no  conception  of  the  actual  appear¬ 
ance  of  the  structure  after  it  is  built.  They  may  mean  one 
inch  or  one  foot  in  depth,  but  in  perspective  or  the  angle  from 
which  the  bridge  is  seen  after  it  is  built,  these  lines  may  become 
very  misleading  and  a  pitfall  for  inexperienced  designers.  It  is 
to  such  details,  rather  than  in  the  general  problem,  that 
efficiency  in  design  should  be  directed. 

The  author  has  stated  that  the  general  scheme  of  ornamen¬ 
tation  of  the  concrete  bridges  of  this  city  conforms  to  the  sur¬ 
rounding  neighborhoods.  This  may  or  may  not  be  a  libel,  de¬ 
pending  upon  which  side  of  the  hill  the  point  of  view  is  taken. 
Most  of  the  hills  of  this  city,  as  viewed  from  the  opposite  side 
of  the  valley,  present  disgraceful  scenes  of  back  yards  and  wood¬ 
en  shacks  littered  with  paper,  ashes  and  miscellaneous  rubbish. 
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But  this  latter  is  a  proper  subject  for  a  Civic  Commission. 

The  author  has  mentioned  certain  methods  for  the  surface 
treatment  of  concrete,  and  while  these  are  practical  and  appro¬ 
priate,  it  is  feared  that  the  object  to  be  attained  cannot  be  satis¬ 
factorily  secured  in  this  manner.  Given  structural  lines  that  are 
graceful,  variety  in  appearance  can  be  secured  by  suitable  color 
treatment,  and  no  color  harmonizes  better  with  gray  concrete 
than  red  terra  cotta  or  brick  in  combination  with  green  foliage. 
Terra  cotta  is  a  native  product  and  can  be  used  to  great  advan¬ 
tage  when  properly  applied  in  such  parts  of  the  structure  where 
strength  is  obviously  unnecessary.  If  this  is  objected  to,  there 
is  no  reason  why  colored  concrete  slabs  cannot  be  used  for  forms 
instead  of  wood  and  incorporated  into  the  permanent  structure. 
Or,  on  the  other  hand,  where  rustic  treatment  is  appropriate, 
the  method  adopted  by  the  writer  several  years  ago  in  the 
construction  of  a  residence  on  Bidwell  Street,  this  city,  makes 
a  very  effective  setting.  By  this  method  the  forms  were  con¬ 
structed  of  common  rough  lumber,  plastered  with  clay  on  the 
inner  surface  of  the  outside  forms,  in  which  gravel  stones  were 
half  embedded.  The  other  half  of  the  stones  projecting  within  the 
mold  were  surrounded  by  concrete.  After  the  concrete  had  set 
the  outer  molds  were  removed  and  the  clay  was  washed  off  with 
water  from  a  hose.  Such  finish  is  very  economical  and  has 
proven  effective. 

The  author  has  treated  the  subject  of  web  stresses  very 

fully. 

Regarding  the  working  unit  stresses  used  tor  the  concrete, 
it  would  be  interesting  to  have  the  reason  for  using  two  unit 
stresses  for  the  same  concrete.  If  750  lb.  per  sq.  in.  is  satis¬ 
factory  for  cross  beams,  why  would  it  not  be  satisfactory  for 
stringers  ? 

Again,  under  the  heading  of  “T-beams”,  what  was  the 
limiting  width  of  flange  used?  If  this  flange  width  exceeds  three 
times  the  width  of  the  web  or  stem  of  T-beam,  it  will  result  in 
two,  or  more,  percent  of  reinforcement  in  the  beam,  and  this 
is  not  usually  regarded  as  the  best  practice. 

In  connection  with  the  quotation  “for  the  use  of  deformed 
bars”,  it  may  be  pertinent  to  point  out  that  the  minimum 
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section  of  some  of  the  deformed  bars  is  not  at  right  angles 
to  the  axis  of  the  bar. 

Having  discussed  the  paper  in  a  superficial  way,  the  writer 
may  be  permitted  to  refer  to  a  design  of  a  reinforced  concrete 
bridge  prepared  by  him  for  the  city  of  Richmond,  Va.,  a  little 
over  a  year  ago.  It  is  not  intended  to  go  into  the  various 
conditions  governing  this  design,  except  to  note  that  the  re¬ 
quired  water-way  was  within  two  feet  of  the  soffit  of  the  arches 
at  the  center.  The  bridge  has  been  referred  to  because  of  the 
treatment  of  the  spandrel  walls  as  opposed  to  the  customary 
methods  in  vogue. 

Spandrel  walls  have  been  designed  in  the  past  as  retaining 
walls  to  support  the  earth  filling,  and  have  been  bonded  to 
the  arch  ring.  This  has  resulted  in  the  wall  acting  as  part  of 
the  arch  ring  by  forming  a  sort  of  flange  for  the  ring,  without 
being  reinforced  to  meet  the  tensile  stresses  that  are  set  up  in 
such  a  member.  This  is  the  most  logical  explanation  that  can 
be  offered  for  the  cracking  and  failure  of  spandrel  walls,  al¬ 
though  the  concentration  of  the  weight  of  the  usual  retaining 
wall  type  contributes  to  such  cracking. 

Attention  is  therefore  directed  to  the  spandrel  walls  of 
this  design,  which  are  reinforced  concrete  slabs,  six  inches 
thick,  set  upon  edge  and  bearing  in  the  grooves  formed  in  in¬ 
dependent  cantilever  sidewalk  brackets.  The  arch  ring  is  free  to 
deflect  by  temperature  or  other  stresses  without  the  spandrel 
wall  being  brought  into  action  and  is  also  relieved  of  the  dead 
weight  of  such  a  wall.  Other  than  this,  the  design  is  common¬ 
place  and  simple  treatment. 


AN  IMPROVED  METHOD  OF  DRYING 
AIR  FOR  BLAST  FURNACES 


By  Bruce  Walter* 


A  modern  blast  furnace  requires  about  40  000  cu.  ft.  of 
free  air  per  minute  which  is  usually  taken  into  the  blowing  en¬ 
gines  directly  from  the  engine  room.  Until  recent  years  no 
attention  was  given  to  its  condition  as  to  temperature  or  moist¬ 
ure  content.  Consequently,  under  these  conditions,  40  000  cu. 
ft.  does  not  mean  a  fixed  quantity  of  oxygen  delivered  to  the 
furnace  but  a  widely  varying  quantity  depending  on  its  temp¬ 
erature  and  the  quantity  of  water  vapor  which  it  contains. 
These  variations  will  affect  the  weight  of  dry  air  delivered  by 
the  engines  as  much  as  fourteen  percent  as  between  winter  and 
summer  and  frequently  a  change  of  five  percent  occurs  in  a  per¬ 
iod  of  twenty-four  hours.  Such  abrupt  changes  always  make 
trouble  for  the  furnace  operator,  causing  the  furnace  to  work 
irregularly  and  effecting  changes  in  the  grade  of  iron  produced. 
But,  while  regularity  is  desirable,  the  main  object  of  a  dry 
blast  plant  is  to  eliminate  the  water  vapor  which,  in  itself,  is 
such  an  undesirable  element  to  introduce  into  the  furn¬ 
ace.  If  the  air  contains  seven  grains  of  moisture  per  cubic 
foot  and  the  furnace  is  taking  40  000  cu.  ft.  per  min.,  forty 
pounds  of  water  will  be  blown  into  the  furnace  each  minute 
and  one  pound  of  coke  will  be  consumed  in  the  decomposition  of 
each  pound  of  water.  This  means  that  for  each  day  that  the 
above  condition  exists,  a  carload  of  coke  is  charged  into  the 
furnace  which  does  nothing  but  decompose  water  vapor. 

While  these  undesirable  conditions  have  been  recognized  by 
metallurgists  for  many  years,  the  first  attempt  to  actually  dem¬ 
onstrate  the  advantages  to  be  gained  by  the  elimination  of  the 
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moisture  was  made  at  the  Isabella  Furnaces  of  the  Carnegie 
Steel  Company  in  1904.  The  results  obtained  were  eminently 
satisfactory  and  since  this  successful  demonstration  the  subject 
has  been  one  of  much  interest  to  the  metallurgical  world.  Its 
effects  have  been  discussed  by  engineering  societies  and  many 
technical  papers  on  the  subject  have  been  published  by  engi¬ 
neering  magazines.  A  number  of  blast  furnaces  have  been 
equipped  with  air  drying  plants,  both  in  America  and  abroad, 
and  the  claims  made  by  the  inventor,  Mr.  James  Gayley,  have 
been,  in  this  manner,  substantiated  beyond  question.  The  chief 
subject  of  discussion  at  the  present  time  is  the  form  of  apparatus 
which  will  dry  air  most  efficiently,  and  it  is  the  purpose  of  this 
paper  to  place  before  the  members  of  this  Society  a  description 
of  one  of  the  methods  which  is  now  being  given  wide  consider¬ 
ation. 

Atmospheric  Conditions :  The  first  question  to  be  consider¬ 
ed  in  an  air  drying  proposition  is  the  atmospheric  condition  to 
be  met  with  in  the  district  in  which  the  work  is  done.  All 
figures  which  follow  apply  to  the  Pittsburgh  District. 

TABLE  NO.  1. 

TEMPERATURE  AND  MOISTURE  RECORDS  FOR  ONE  YEAR  COMPILED 

FROM  HOURLY  OBSERVATIONS. 


i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

January . 

29 

1.24 

52 

2.75 

14 

0.50 

59 

3.54 

1 

0.26 

February. . . . 

27 

1.18 

40 

2.19 

9 

0.35 

45 

2.75 

2 

0.22 

March . 

47 

2.25 

64 

4.44 

30 

0.89 

80 

5.02 

18 

0.61 

April . 

54 

2.57 

68 

4.60 

39 

1.21 

76 

5.94 

34 

0.99 

May . 

66 

4.08 

75 

6.31 

55 

1.78 

85 

6.78 

40 

1.33 

June  . 

74 

5.75 

85 

7.95 

64 

3.45 

96 

8.65 

48 

2.46 

July . 

77 

6.36 

85 

7.53 

73 

4.36 

97 

8.51 

60 

3.54 

August  .... 

75 

5.94 

81 

8.06 

71 

4.27 

91 

8.78 

56 

3.12 

September  . . 

69 

4.94 

77 

7.01 

63 

2.70 

88 

7.98 

45 

2.11 

October  . . . 

57 

3.42 

71 

6.05 

42 

1.90 

83 

7.73 

34 

1.70 

November  . . 

43 

1.96 

54 

3.51 

28 

0.94 

62 

4.85 

22 

0.70 

December  . . 

38 

1.68 

48 

2.81 

30 

0.85 

54 

3.48 

21 

0.55 

Average  for 

year . 

.55 

3.45 

• 

Table 

No. 

1  shows 

temperature 

and 

moisture 

data 

taken 

from  records  each  hour  of  the  day  for  a  period  of  one  year. 
Column  1  shows  the  average  temperature  and  Column  2  shows 
the  average  moisture  in  gr.  per.  cu.  ft.  for  each  month;  Column 
3  the  highest  average  temperture  and  Column  4  the  highest 
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average  moisture  for  any  one  day  in  the  month ;  Columns  5  and 
6  show  respectively  the  lowest  average  temperature  and  moist¬ 
ure  for  any  one  day  of  the  month  and  Columns  7,.  8,  9,  and  10 
give  the  maximum  and  minimum  temperature  and  moisture 
ot  all  observations  made  during  each  month.  It  will  be  seen 
that  while  the  average  temperature  and  moisture  for  the  year 
are  comparatively  low,  any  apparatus  designed  to  give  uni¬ 
formly  low  conditions  must  be  able  to  cope  with  the  summer 
conditions,  as  shown  in  the  table.  Experience  has  shown  that 
it  is  not  necessary  to  consider  the  absolute  maximums  given  in 
the  table  for  it  is  seldom  that  the  maximum  moisture  and  maxi¬ 
mum  temperature  occur  at  the  same  time,  and  for  estimating  the 
capacity  of  a  dry  blast  plant  for  the  conditions  shown  in  the 
tables,  an  assumption  of  90  deg.  temperature  and  eight  grains 
of  moisture  per  cubic  foot  will  take  care  of  any  condition  likely 
to  be  met  with.  The  average  and  minimum  figures  given  in 
Table  No.  1  are  of  interest  to  the  dry  blast  engineer  only  when  it 
is  desired  to  determine  the  power  required  to  operate  the  air 
drying  plant  at  any  particular  season  of  the  year. 

Determination  of  Moisture  in  Air :  The  simplest  method  of 
determining  the  moisture  content  of  the  air,  is,  to  take  the  wet 
and  dry  bulb  temperatures  by  means  of  the  sling  psycliro- 
meter.  From  these  temperatures  the  grains  per  cubic  foot  can 
be  obtained  from  the  psychrometric  tables  published  by  the 
U.  S.  Weather  Bureau.  Stationary  wet  and  dry  bulb  ther¬ 
mometers  may  be  used  in  place  of  the  sling  instrument  if  they 
are  suspended  in  a  current  of  air  the  velocity  of  which  is  not 
less  than  15  ft.  per  sec.  The  wet  and  dry  bulb  temperatures 
can  also  be  reduced  to  grains  of  moisture  per  cubic  foot  by  use 
of  the  Psychrometric  Chart,  Fig.  1,  compiled  from  the  Weather 
Bureau  Tables,  which  shortens  and  simplifies  the  determination 
to  some  extent.  Many  instruments  in  common  use  for  the  de¬ 
termination  of  atmospheric  moisture  are  subject  to  error  on 
account  of  imperfect  circulation  of  the  air  and  data  obtained 
from  a  wet  and  dry  bulb  hygrometer  in  which  this  important 
matter  has  not  been  given  consideration,  should  not  be  used  in 
estimating  the  capacity  of  a  dry  blast  installation. 
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Original  Type  of  Dry  Blast  Installation :  Up  until  very  re¬ 
cently  all  of  the  dry  blast  plants  which  have  been  built  have  fol¬ 
lowed  very  closely  the  original  installation  at  the  Isabella  Furn¬ 
aces.  This  method  comprises  a  chamber  containing  coils  of  pipe 
through  which  a  cold  calcium  chloride  solution  is  circulated, 
passing  from  top  to  bottom  of  the  coils,  the  air  passing  upward 


PSYCHROMETRIC  CHART 


Fig.  1.  Psychrometric  Chart. 
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through  the  spaces  between  the  pipes.  As  the  air  rises  the 
heat  which  it  contains  is  transferred  to  the  brine  and  as  its 
temperature  is  lowered  its  capacity  for  carrying  moisture  is  re¬ 
duced  and  the  precipitated  water  is  deposited  on  the  pipes  in 
the  form  of  snow  or  frost.  Two  vertical  sections  of  one  of 
these  chambers  is  shown  in  Fig.  2. 

It  will  be  seen  that  the  pipe  coils  are  in  four  separate  com¬ 
partments,  any  one  of  which  can  be  thrown  out  of  service  with¬ 
out  interference  with  the  operation  of  the  other  three.  This 
arrangement  enables  the  operator  to  remove  the  frost  without 
material  interference  with  the  efficiency  of  the  plant  as  a  whole. 
The  defrosting  must  be  done  about  every  four  days,  that  is, 
one  compartment  each  day,  and  is  accomplished  by  means  of 
water  sprays  located  at  the  top  of  the  compartment.  While  the 
frost  is  being  washed  off,  the  air  is  shut  out  of  the  compart¬ 
ment  and  the  brine  is  removed  from  the  coil.  The  operation  re¬ 
quires  two  or  three  hours. 

There  is  no  question  as  to  the  effectiveness  of  this  method 
of  drying  air,  as  the  moisture  can  be  reduced  to  any  desired 
point,  depending  on  the  temperature  of  the  brine  used,  and 
the  amount  of  pipe  surface  to  which  the  air  is  exposed,  but  there 
are  certain  disadvantages  which  are  inherent  in  such  instal¬ 
lations  and  which  are  avoided  in  the  latest  designed  plants.  The 
most  important  disadvantage  is  the  expensive  construction  re¬ 
quired.  The  building  itself  is  of  steel  frame  work  construction 
well  braced,  and  is  sufficiently  strong  to  withstand  a  sharply  pul¬ 
sating  pressure ;  the  walls  are  of  first  class  brick  work  and  the 
entire  building  is  lined  with  a  good  insulating  material  which 
will  withstand  moisture  and  which  also  makes  the  building 
practically  air  tight.  Much  space  is  provided  to  give  access  to 
all  parts  of  the  chamber  and  the  percentage  of  effective  area 
is  about  55  percent  of  the  ground  space  occupied. 

Among  the  minor  disadvantages  in  this  original  method 

are : 

First:  The  freezing  of  the  greater  part  of  the  moisture,  a  con¬ 
siderable  saving  in  power  being  effected  by  precipitation  without  freez¬ 
ing. 

Second:  The  necessity,  in  order  to  avoid  excessive  expenditure 
for  pipe  surface,  of  maintaining  the  temperature  of  the  brine  15  deg. 
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lower  than  the  temperature  of  air  desired,  thus  increasing  the  cost  of 
operating  the  refrigerating  machinery. 

Third:  The  expense  of  defrosting  and  the  slight  irregularities 
in  the  drying  action  due  to  this  cause. 

The  foregoing  disadvantages  seem  to  he  sufficient  warrant 
for  the  dry  blast  engineer  to  investigate  the  problem  with  the 
idea  of  decreasing  the  cost  both  of  installation  and  operation  and 
to  secure,  if  possible,  a  more  uniformly  dry  air. 

The  Proposed  New  Method  of  Drying  Air:  One  of  the  pro¬ 
posed  methods  of  improving  the  operation  of  drying  the  air  is 
shown  in  Fig.  3.  This  refrigerating  chamber,  or  drying  tower, 
consists  of  a  cylindrical  steel  shell  about  100  ft.  high  and  20  ft. 
in  diameter  enclosing  a  smaller  inner  shell,  the  annular  space 
between  the  shells  being  utilized  for  the  purpose  of  removing 
the  heat  from  the  air.  The  air  enters  the  tower  at  a  pressure  of 
about  two  ounces  per  square  inch  through  pipe  A,  passes  up¬ 
wards  through  pipes  B  and  the  hooded  pipes  C,  where  it  comes 
into  contact  with  mechanically  cooled  water  dripping  over  the 
screens  D.  The  construction  of  these  screens  with  the  water  dis¬ 
tributing  troughs  E,  is  shown  in  detail  in  Section  7.  The  screens 
occupy  the  entire  annular  space  and  are  arranged  in  radial 
sections,  as  shown  in  Section  4.  The  water  is  pumped  into  the 
tower  through  pipe  F  to  tank  G  from  which  it  flows  by  gravity 
through  regulating  valve  77  to  annular  trough  I  and  thence  by 
pipes  J  to  pan  K.  From  pan  K  it  overflows  to  distributing  troughs 
E  through  pipes  L  which  are  so  adjusted  as  to  give  an 
equal  distribution  of  water  over  the  entire  annular  space. 
After  the  water  has  passed  over  the  screens  it  is 
collected  in  pan  M  from  which  it  flows  through 
pipes  N  into  filter  0  where  the  dirt  which  is  collected  from  the 
air  is  removed.  The  water  passes  from  the  filter  through  pipe 
P  to  the  water  coolers  where  the  heat  is  removed  by  means  of 
refrigeration,  after  which  it  is  again  pumped  to  tank  G.  When 
it  is  desired  to  clean  the  filter  bed  the  valves  in  pipe  N  are 
closed,  the  water  is  taken  to  the  coolers  through  pipe  Q  and  the 
filter  bed  is  washed  through  pipe  P,  the  overflow  water  passing 
out  through  trough  R  and  pipe  8  to  the  sewer.  As  the  air  passes 
upward  it  is  compelled  to  pass  through  the  wetted  screens  many 
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times  and  when  it  reaches  the  top  of  the  grill  work  it  will  be 
almost  as  cold  as  the  entering  water.  In  the  design  shown,  if 
the  entering  water  is  34  deg.  fahr.  and  the  entering  air  90  deg. 
fahr.  the  temperature  of  the  air  will  be  reduced  to  39  deg.  and 
the  temperature  of  the  water  will  be  raised  to  about  50  deg. 
The  moisture  content  of  the  air  will  be  2.75  gr.  per  cu.  ft.  after 
the  air  passes  the  eliminators  T  which  are  intended  to  remove 
any  entrained  or  unvaporized  water. 


VCTKHl 

Fig.  3.  Air  Drying  Tower  for  Drying  Air  by  the  Two-Stage,  Direct 

Contact  Method. 

In  a  similar  manner  the  air  passes  through  a  second  stage  of 
cooling,  passing  through  pipes  C 1  and  screens  D1,  where  it  comes 
into  contact  with  a  non-freezing  liquid  usually  a  solution  of 
chloride  of  calcium  commonly  called  brine.  The  brine  may  be 
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cooled  to  any  desired  temperature  and  is  introduced  into  the 
system  through  tank  Gl,  from  whence  it  is  distributed  over  the 
grill  work,  which  is  an  exact  duplicate  of  the  first  or  water  stage 
of  cooling  with  the  exception"  that  no  filter  is  provided  for  the 
brine  as  the  air  has  been  thoroughly  washed  before  reaching  the 
second  stage.  If  it  is  desired  to  have  a  final  moisture  content 
in  the  air  of  1.5  gr.  per  cu.  ft.  its  temperature  will  be  24  deg. 
and  the  initial  temperature  of  the  brine  must  be  19  deg.  The 
air  then  passes  through  pipe  U  to  the  blowing  engines.  The 
structure  is  entered  through  air  lock  X  and  openings  having  a 
removable  cover  are  provided  in  the  inner  shell  at  all  points 
where  it  is  desired  to  have  access  to  the  working  parts  of  the 
tower.  A  general  arrangement  of  a  blast  furnace  equipped 
with  dry  blast,  Fig.  4,  shows  the  tower  described  in  its  relation 
to  the  refrigerating  machinery,  the  blowing  engines,  the  stoves 
and1  the  furnace. 


Fig.  4.  Diagrammatic  Sketch  of  Blast  Furnace  Equipped  with  Gayley 

Dry  Blast  Plant. 


Calculation  of  Heat  to  be  Removed :  In  order  to  properly 
design  an  air  drying  plant  of  any  type,  it  is  first  necesary  to 
know  the  quantity  of  heat  to  be  removed  from  the  air.  In  order 
to  show  in  a  concrete  manner  how  this  may  be  done,  I  will  as¬ 
sume  a  case  of  a  furnace  requiring  40  000  cu.  ft.  of  air  per 
minute,  the  initial  temperature  of  which  is  90  deg.  fahr.  and 
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the  moisture  content  of  which  is  eight  grains  per  cubic  foot. 
It  is  desired  to  dry  the  air  to  such  a  degree  that  it  will  contain 
only  1.5  gr.  of  moisture  per  cubic  foot,  and  as  this  corre¬ 
sponds  to  a  saturated  condition  of  air  at  the  temperature  of 
24  deg.  it  is  necesary  to  reduce  the  temperatures  from  90  deg. 
to  this  point.  In  the  process  described  above  this  is  done  in 
two  stages,  the  first,  or  water  stage,  reducing  the  temperature 
to  39  deg.  with  a  moisture  content  of  2.75  gr.  per  cu.  ft.  and  the 
second,  or  brine  stage,  in  which  the  reduction  is  completed. 

The  heat  to  be  removed  in  the  first  stage  is  determined  as 
follows :  40  000  cu.  ft.  of  air  at  90  deg.  containing  eight  grains  of 
moisture  weighs  2867.4  lb.  of  which  45.7  lb.  is  water  vapor  and 

2821.7  lb.  is  dry  air.  The  heat  to  be  removed  from  the  dry  . air 
is  therefore 

2821.7  X  0.2375  X  (90—39)  =  34  178  B.  t.  u. 

The  quantity  of  water  vapor  condensed  and  the  heat  rejected 
in  the  process  is  as  follows : 

The  volume  of  dry  air  in  the  mixture  at  39  deg.  is, 

2821.7 

- ==  35  340  cu.  ft. 

0.079843 

In  a  saturated  condition  the  volume  is  increased  0.8  percent, 
or  35  340  X  1-008  =  35  623  cu.  ft.  which  is  the  volume  to  be 
considered  in  the  determination  of  the  water  vapor  remaining 
in  the  air  at  this  temperature.  As  saturated  air  at  39  deg.  con¬ 
tains  2.75  gr.  of  moisture  per  cubic  foot  the  quantity  of  water 
vapor  remaining  is, 

35  623X  2.75 

- =  14  lb. 

7  000 

As  the  original  quantity  was  45.7  lb.,  the  quantity  conden¬ 
sed  by  the  reduction  of  temperature  is  31.7  lb.  There  is  no 
condensation  until  the  temperature  of  70  deg.  is  reached  as  the 
air  is  not  in  a  saturated  condition  above  this  point;  each  degree 
of  reduction  after  passing  the  70  deg.  mark  produces  a  con¬ 
densation  of  water  vapor  but  the  quantity  condensed  becomes 
less  as  the  temperature  is  lowered;  thus  from  70  to  69  deg.  the 
quantity  of  water  vapor  is  reduced  0.25  gr.  per  cubic  foot  and 
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from  40  to  39  deg.  the  reduction  is  0.1  gr.  One  half  of  the  31.7 
lb.  is  condensed  when  a  temperature  of  59  deg.  is  reached,  and 
it  is  assumed  that  the  latent  heat  of  condensation  for  this  temp¬ 
erature,  which  is  1058.4  B.  t.  u.,  is  practically  correct  for  de¬ 
termination  of  the  work  of  condensation  of  all  the  water  vapor 
precipitated  and  the  heat  to  be  removed  is, 

31.7  X  1058.4  =  33  551  B.  t.  u. 

The  remainder  of  the  work  of  heat  removal  consists  of  cool¬ 
ing  the  water  vapor  to  the  condensation  point,  cooling  the  water 
vapor  not  condensed  and  cooling  the  condensed  water  to  the 
temperature  of  the  cooling  water  leaving  the  refrigerating 
chamber.  As  the  mean  temperature  of  condensation  is  59  deg. 
we  may  consider  that  all  the  water  vapor  is  cooled  from  90  to  59 
deg.  and  the  heat  to  be  removed,  its  specific  heat  being  0.475,  is 

45.7  X  0.475  X  (90—59)  =  673  B.  t.  u. 

The  water  vapor  not  condensed  is  cooled  from  59  to  39  deg. 
and  the  heat  to  be  removed  is 

14  X  0.475  X  (59—30)  =  133  B.  t.  u. 

Assuming  that  the  water  leaves  the  refrigerating  chamber  at 
50  deg.,  the  condensed  water  vapor  must  be  cooled  from  59  to 
50  deg.  and  the  heat  to  be  removed  is 

31.7  X  9  =  285  B.  t.  u. 

The  total  heat  to  be  removed  in  the  first  stage  is,  therefore, 
68  820  B.  t.  u.  Assuming  that  the  initial  temperature  of  the 
cooling  water  is  34  deg.  and  its  final  temperature  50  deg.  there 

68  820 

must  be  circulated -  =  4301.25  lb.  of  water  equal  to  516 

50—34 

gal.  per  min.  To  this  must  be  added  the  heat  absorbed  from 

the  atmosphere,  which,  in  any  well  insulated  plant  will  not  be 

more  than  one  percent.  This  makes  the  total  heat  to  be  re- 
0 

moved  by  the  refrigerating  plant  69  508  B.  t.  u.  per  min.  and 
the  water  to  be  circulated  521  gal.  per  min. 

In  the  second  stage,  the  brine  enters  at  a  temperature  of 
19  deg.  and  leaves  at  29  deg.  The  air  enters  at  39  deg.  and 
leaves  at  24  deg.  The  heat  to  be  removed  is  as  follows: 
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Heat  to  be  removed  from  dry  air  is, 

2821.7  X  0.2375  X  (39—24)  =  10  052  B.  t.  u. 
Volume  of  dry  air  at  24  deg.  is, 

2821.7 

- _ =  34  286  cu.  ft. 

0.0823 

Volume  when  saturated  is, 


34  286  X  1-0043  =  34  433  cu.  ft. 
Quantity  of  water  vapor  remaining  in  mixture  is, 
34  433  X  1.5 


7000 


7.3785  lb. 


The  water  vapor  condensed  is, 

14 — 7.3785  =  6.6215  lb. 


Heat  to  be  removed  for  condensing  water  vapor  is, 

6.6215  X  1073.4  =  7108  B.  t.  u. 

in  which  1073.4  is  the  latent  heat  at  32  deg.  which  is  the  mean 
temperature  of  condensation. 

Heat  to  be  removed  from  water  vapor  before  condensation  is, 

6.6215  X  0.475  X  (39—32)  =  22  B.  t.  u. 

Heat  to  be  removed  from  water  vapor  not  condensed  is, 
7.3785  X  0.475  X  (39—24)  =  53  B.  t.  u. 

Heat  to  be  removed  from  condensed  water  vapor  is, 

6.6215  X  (32—29)  =  20  B.  t.  u. 

The  total  heat  to  be  removed  in  the  second  stage  is,  there¬ 
fore,  17  255  B.  t.  u.  Adding  one  percent  for  heat  leakage 
through  the  insulation  the  quantity  becomes  17  428  B.  t.  u. 
Assuming  that  the  brine  weighs  10  lb.  per  gal.  and  has  a  specific 
heat  of  0.7,  the  quantity  to  be  circulated,  when  heated  by  the 
air  from  19  to  29  deg.  is, 

17  428 

-  =  294  gal.  per  min. 

10  X  0.7  X  (29—19) 

New  Method  for  Concentrating  Brine :  It  is  obvious  that 
some  means  must  be  provided  for  removing  the  accumulation  of 
water  from  the  brine  used  in  the  second  stage  of  cooling.  The 
quantity  of  water  added  is  6.6215  lb.  per  min.  and  it  is  de- 
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sirable  to  evaporate  this  with  as  little  disturbance  to  the  regular 
action  of  the  plant  as  possible.  An  automatic  device  is  shown 
in  Fig.  5.  A  sample  of  brine  is  continuously  taken  from  the 
system  by  means  of  several  funnels,  V,  Fig.  4,  Section  1,  into 
tank  W  and  overflows  into  pan  M1.  This  constant  level  tank 
is  tank  A  in  Fig.  6.  A  hydrometer  B  floats  in  the  tank  and 
operates  valve  G  which  is  adjusted  to  open  when  the  brine  falls 
below  a  desired  specific  gravity.  This  brine  which  is  drawn  oft* 
at  a  temperature  of  29  deg.  flows  through  a  heat  exchanger  D 


Fig.  5.  Automatic  Brine  Concentrator. 

to  boiling  tank  E  where  the  volume  of  brine  is  reduced  one 
third  by  boiling.  The  heat  is  furnished  by  a  live  steam  coil  F 
and  is  regulated  by  the  density  of  the  brine.  A  pump  circu¬ 
lates  a  small  portion  of  the  liquid  through  the  constant  level 
tank  G  where  the  hydrometer  H  acts  upon  the  exhaust  from  the 
steam  coil,  supplying  more  or  less  heat  as  the  density  of  the 
brine  decreases  or  increases.  The  pump  J  returns  the  brine 
through  the  heat  exchanger  to  the  brine  coolers.  This  pump  is 
governed  by  float  K  in  the  boiling  tank.  If  it  is  desired  to  have 
the  brine  in  the  system  at  1.2  specific  gravity  it  is  necessary  to 
draw  off  by  means  of  this  apparatus  about  three  gallons  per 
minute  and  boil  it  down  to  two  gallons.  By  installing  an 
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efficient  heat  exchanger  the  heat  returned  to  the  system,  is  re¬ 
duced  to  a  negligible  quantity.  Any  convenient  source  of  heat 
which  will  give  a  temperature  of  250  deg.  can  be  used  for  boiling 
the  brine  and  in  many  cases  gas  will  be  found  less  expensive 
than  live  steam. 

Refrigerating  Machinery :  Having  determined  the  heat  to 
be  removed  from  the  air  in  each  stage,  it  is  necessary  to  install 
the  proper  refrigerating  machinery  to  remove  these  same  quan¬ 
tities  of  heat  from  the  water  and  brine.  A  specification  can  be 
drawn  up  from  the  foregoing  figures  giving  the  quantities  of 
water  and  brine,  the  temperature  range  through  which  they  are 
to  be  cooled,  the  steam  pressure  available  and  the  temperature 
of  the  water  supply  for  the  ammonia  condenser.  Having  this 
information  any  builder  of  refrigerating  machinery  can  quote 
a  price  for  an  installation  guaranteed  to  do  the  required  duty. 

Power  Required  to  Operate  the  Plant :  The  power  required 
to  operate  the  plant  varies  with  atmospheric  conditions,  and 
Table  No.  2  shows  the  maximum  and  average  requirements. 
The  saving  of  power  in  the  blowing  engines  is  due  to  the  re¬ 
duction  of  volume  in  the  air  blown  and  is  based  on  average 
temperature  and  humidity  conditions  in  the  blowing  engine 
room.  The  blast  pressure  is  assumed  to  be  15  lb.  per  sq.  in. 

TABLE  NO.  2. 

Power  required  to  operate  a  Two  Stage  Gayley  Dry  Blast  Plant  having 
a  capacity  of  40  000  cu.  ft.  of  air  per  min.  at  a  temperature  of  90  deg.  fahr. 
with  a  moisture  content  of  8  grains  per  cu.  ft. 

Maximum  Average 


Ammonia  Compressors,  First  Stage . 433  i.h.p.  152  i.h.p. 

Ammonia  Compressors,  Second  Stage . 137  i.h.p.  96  i.h.p. 


Total . 570  i.h.p.  248  i.h.p. 

Steam  for  brine  concentrator,  lb.  per  hour . 544  409 

Motor  Driven  Fan .  60  e.h.p.  60  e.h.p. 

Motor  Driven  Water  Pump .  19  e.h.p.  14  e.h.p. 

Motor  Driven  Brine  Pump .  11  e.h.p.  11  e.h.p. 


90  e.h.p.  85  e.h.p. 

Average  saving  of  power  in  blowing  engines . 270  i.h.p. 


Cost  of  Operation :  The  cost  of  operating  the  plant  de¬ 
scribed  will  vary  to  some  extent  with  local  conditions.  In 
the  Pittsburgh  District,  at  the  present  rate  of  wages,  the  cost 
will  amount  to  $6800  per  year,  which  is  equivalent  to  41/4c  per 
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ton  of  iron  produced  for  a  furnace  making  160  000  tons  per  year. 
This  estimate  includes  labor,  power,  water,  repairs,  oil,  waste, 
packing,  ammonia  and  chloride  of  calcium.  A  plant  of  double 
the  size  of  the  above  can  be  operated  at  $11  000  per  year,  mak¬ 
ing  the  cost  per  ton  of  iron  354c. 

Detailed  Costs  of  Installation  :  The  cost  of '  installation  is 


estimated  as  follows : 

Building  . $  9  400 

Refrigerating  Chamber .  22  300 

Refrigerating  Machinery .  34  000 

Pumps  and  Motors  .  1 400 

Fan  and  Motor .  3  500 

Brine  Concentrator  . .  800 

Piping  and  Covering  .  3  400 

Electric  Wiring,  for  Power  and  Light .  1  000 

Steam  Condenser  .  1 300 

Engineering  and  Incidentals  .  7  700 


Total  . $84  800 


This  estimate  does  not  include  steam  and  water  pipe  lines  to 
the  plant,  or  air  piping  from  the  plant  to  the  blowing  engines  as 
these  items  depend  very  largely  upon  local  conditions.  Under 
moderately  favorable  conditions,  these  items  should  not  cost 
more  than  $8  000,  making  the  total  cost  of  installation  $92  800. 
A  plant  having  a  capacity  of  80  000  cu.  ft.  of  air  per  minute 
requires  the  expenditure  of  $170  000.  These  figures  are  25 
percent  below  the  lowest  installation  costs  of  plants  in  which 
the  air  cooling  is  done  by  'the  brine  coil  system. 

Economies  Effected  in  Blast  Furnace  Operation  :  While 
metallurgical  problems  are  not  considered  in  this  paper,  a  brief 
statement  of  the  advantages  to  be  gained  by  the  elimination  of 
fhe  moisture  is  not  out  of  place.  It  is  conservatively  estimated 
by  those  who  have  operated  dry  blast  furnaces  that  a  saving  in 
fuel  of  12.5  percent  is  effected,  and,  at  the  same  time,  the  pro¬ 
duction  of  iron  is  increased  10  percent.  This  means,  that  if  a 
furnace  uses  2400  lb.  of  coke  to  make  one  ton  of  iron  and  has  a 
production  of  400  tons  per  day,  the  fuel  saved  by  dry  blast  is 
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300  lb.  per  ton  and  the  production  is  increased)  40  tons,  all  of 
which  is  accomplished  without  increased  labor  cost.  The  furn¬ 
ace  operation  can  be  varied  to  suit  the  market  conditions  so 
that  if  it  is  desired,  a  larger  increase  in  production  can  be  made 
while  saving  a  smaller  percentage  of  fuel  or  a  larger  saving  of 
fuel  can  be  effected  with  a  corresponding  decrease  in  production. 
Another  important  advantage  is  that  the  furnace  receives  a 
uniform  weight  of  air  with  a  uniform  moisture  content,  and 
therefore,  works  with  greater  regularity  producing  a  more  uni¬ 
form  product  than  one  blown  with  natural  air.  The  necessity 
of  carrying  reserve  heat  in  the  hot  blast  stoves  is  also  elimi¬ 
nated,  as  the  irregularities  which  necessitates  this  precaution  do 
not  occur.  By  reducing  the  fuel  the  limestone  required  is  de¬ 
creased.  Regularity  in  working  means  a  reduction  of  flue  dust 
carried  off  by  the  gases.  The  actual  profit  in  dollars  and  cents 
from  the  installation  of  a  dry  blast  plant  is  a  separate  problem 
for  each  blast  furnace.  A  fair  figure  for  this  district  is  a  net 
saving  of  50c  per  ton  of  iron  which,  for  a  furnace  making  160  000 
tons  per  year,  is  $80  000  annually. 

DISCUSSION 

Mr.  W.  H.  Carrier:*  The  subject  of  dehumidifying  which 
Mr.  Walter’s  paper  treats  of  is  of  great  interest  to  all  engi¬ 
neers  and  is  of  great  practical  importance.  Mr.  Walter  is  to 
be  commended  upon  the  careful  analysis  which  he  makes  in 
his  calculation  of  the  heat  to  be  removed.  There  are  several 
steps  in  this  process,  however,  which  are  unnecessarily  cumber¬ 
some  as  well  as  somewhat  inexact  in  light  of  modern  data. 

In  the  first  place  the  data  on  atmospheric  humidity  as 
given  in  the  psychrometric  tables  issued  by  the  U.  S.  Weather 
Bureau  is  inaccurate  and  not  in  accordance  with  the  properties 
of  water  vapor  recently  determined  with  great  accuracy.*!* 

Although  the  inaccuracies  in  this  data  are  not  serious  from 
an  engineering  stand-point,  yet  it  is  as  easy  to  use  accurate  data 
as  to  use  inaccurate  and  much  more  satisfactory. 

♦Chief  Engineer,  Carrier  Air  Conditioning  Company,  Buffalo,  New  York. 

tSee  Marks  &  Davis  Steam  Tables  and  Rational  Psychrometric  Formulae, 
Proceedings  American  Society  of  Mechanical  9ngineers,  December  1911  by 
W.  H.  Carrier. 
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In  the  paper  on  Rational  Psychrometric  Formulae  referred 
to,  the  writer  has  pointed  out  a  method  of  great  simplicity  for 
obtaining  the  refrigerating  requirements  in  cooling  and  de- 
humidifying  air.  The  cardinal  principle  of  this  method  is,  that 
for  a  given  temperature  of  evaporation,  that  is  for  a  given  wet 
bulb  temperature,  a  pound  of  air  contains  a  fixed  and  definite 
amount  of  heat,  regardless  of  the  dry  bulb  temperature  or  of 
the  moisture  contents.  This  means  that  the  wet  bulb  tempera¬ 
ture  is  the  rational  and  convenient  measure  of  the  total  heat 
contents  of  the  air,  both  latent  and  sensible.  For  example,  an 
ordinary  recording  thermometer  with  the  bulb  covered  with  a 
wetted  wick,  over  which  a  current  of  air  is  circulated  could  be 
made  to  record  B.  t.  u.  contents  per  pound  of  air,  by  gradu¬ 
ating  the  record  in  terms  of  B.  t.  u.  instead  of  in  degrees 
temperature.  Consequently,  in  de-humidifying  the  maximum 
refrigerating  load  will  occur  at  the  maximum  wet  bulb  tempera¬ 
ture,  relation  of  dry  bulb  temperature  to  moisture  contents  be¬ 
ing  immaterial.  The  condition  which  Mr.  Walter  assumes  is  40 
000  cu.  ft.  at  90  deg.  and  containing  eight  grains  of  moisture. 
This  is  equivalent  to  saying  that  the  wet  bulb  temperature  is 
76.2  deg.  This  however  to  the  writers  knowledge  does  not  repre¬ 
sent  the  extreme  conditions.  The  writer  has  personally  observed 
in  Buffalo,  wet  bulb  temperatures  as  high  as  78  deg.  and  thinks 
possibly  they  may  be  found  in  Pittsburgh  as  high  as  79  or  80 
deg.  which  would  considerably  increase  the  refrigerating  re¬ 
quirements. 

An  extremely  objectionable  feature  in  Mr.  Walter’s  system 
of  calculation  is  the  use  of  cubic  feet  of  air  instead  of  pounds 
of  air.  A  cubic  foot  of  air  is  an  exceedingly  variable  and  elusive 
quantity,  especially  in  heat  calculations.  Pounds  of  air  should 
always  be  used  in  preference  and  the  moisture  contents  should 
always  be  expressed1  in  the  engineers’  Psychromtric  Tables  or 
Charts  as  weight  of  moisture  per  pound  of  dry  air. 

Another  possible  inaccuracy  in  Mr.  Walter’s  calculations 
is  the  assumption  of  the  long  accepted  value  for  specific  heat  of 
air  of  0.2375.  A  new  value  for  specific  heat  of  air  has  recently 
been  determined  by  W.  F.  G.  Swann, t  in  which  he  finds  the 

$Phil.  Trans.  Royal.  Soc.,  series  A,  vol.  210,  pp.  199-238,  1909. 


294  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

specific  heat  of  air  to  be  a  variable,  which  may  be  given  as 
Cpa.=  0.24112  +  0.000009  t  deg.  fahr.* 

This  would  increase  Mr.  Walter's  values  about  two  percent, 
however,  this  error  is  almost  entirely  off -set  by  his  assuming 
too  great  a  value  for  the  latent  heat  of  water  vapor  and  also 
for  the  sensible  heat  of  superheated  water  vapor.  (See  Marks 
&  Davis  Steam  Tables). 

The  following  calculation  will  serve  to  show  how  greatly 
Mr.  Walter’s  calculation  may  be  simplified  in  practice  by  the 
use  of  proper  psychrometric  charts.  We  will  make  the  assump¬ 
tion  of  Mr.  Walter  which  is  2821.7  lb.  of  dry  air,  containing  45.7 
lb.  of  moisture  at  a  temperature  of  90  deg.  This  will  then  give 
us 

45.7  2821.7  =  0.00162  lb.  of  dry  air,  or  0.00162  X  7000 

=  113.4  gr.  of  moisture  per  pound  of  dry  air. 

The  volume  of  one  pound  of  dry  air  plus  113.4  gr.  moist¬ 
ure,  we  find  from  the  chart  is  14.22  cu.  ft.  This  will  give  us 
28  217  X  14.22  =  40  120  cu.  ft.  instead  of  40  000  cu.  ft.  given 
by  Mr.  Walter. 

From  the  writer’s  psychrometric  chart,  we  find  air  at  90 
deg.  and  containing  113.4  gr.  per  lb.  of  dry  air  has  a  tempera¬ 
ture  of  evaporation,  or  true  wet  bulb  temperature,  of  76.2  deg. 
Taking  a  point  on  the  total  heat  curve  corresponding  to  this 
temperature,  we  find  that  one  pound  of  air  contains  38.85  B.  t. 
u.  Assuming  this  cooled  to  a  saturation  temperature  of  39 
deg.,  we  find  the  corresponding  heat  content  to  be  14.9  B.  t.  u. 
per  lb.  of  dry  air,  requiring  a  removal  of  23.95  B.  t.  u.  per  lb. 
of  dry  air.  We  will  therefore  have  a  total  refrigeration  re¬ 
quirement  per  minute  of 

2821.7  X  23.95  =  67  670  B.t.u. 

This  however,  does  not  include  the  heat  of  the  liquid  which 
has  to  be  cooled  from  a  wet  bulb  temperature  of  76.2  deg.  to 
39  deg.  the  final  water  temperature.  As  there  are  45.7  lb.  of 
water  in  the  air,  1700  B.  t.  u.  will  be  required  for  cooling  this, 
giving  us  a  total  refrigerating  requirement  of  69  310  B.  t.  u. 
per  min.,  or  approximately  350  tons  refrigeration.  Allowing  for 

♦See  Rational  Psychrometric  Formulae,  W.  H.  Carrier. 


DISCUSSION — DRYING  AIR  FOR  BLAST  FURNACES  295 

the  rise  of  the  water  temperature  to  50  deg.  there  will  be  a 
saving  of  355  B.  t.  u.  reducing  the  total  requirement  to  69  015 
B.  t.  u.  per  min. 

In  the  second  stage  as  before  we  have  a  saturation  tempera¬ 
ture  of  39  deg.  at  which  the  air  contains  14.9  B.  t.  u.  per  lb.  of 
dry  air.  This  is  then  cooled  to  a  saturation  temperature  of  24 
deg.,  at  which,  according  to  the  psychrometric  chart,  it  contains 
S.55  B.  t.  u.  per  lb.  of  dry  air,  making  a  removal  of  5.35  B.  t.  u. 
per  lb.  of  dry  air.  The  total  B.  t.  u.  removed  per  minute  is 
then  2821.7  X  5.35  =  15  095  B.  t.  u.  The  refrigeration  required 
in  reducing  the  heat  of  the  liquid  is  for  13.7  lb.  through  a  range 
of  15  deg.  or  200  B.  t.  u.  per  min.  This  gives  a  total  of  15  295 
B.  t.  u. 

It  may  not  be  out  of  place  in  this  connection  to  mention 
the  fact  that  a  dehumidifying  plant  embodying  many  of  the 
principles  contained  in  what  Mr.  Walter  calls  the  proposed  new 
method  of  drying  air  was  installed  under  the  writer's  supervis¬ 
ion  by  the  concern  with  which  the  writer  is  connected  and  suc¬ 
cessfully  operated  in  1908  This  plant  is  in  operation  today, 
this  capacity  having  been  doubled  by  the  purchase  of  an  addi¬ 
tional  unit,  the  exact  duplicate  of  the  first. 

In  the  second  stage  the  essential  principle  involved  is  the 
direct  contact  of  the  brine  with  the  air  to  be  dried.  The  prac¬ 
ticability  of  this  process  was  demonstrated  by  the  writer  in  Mr. 
Walter’s  presence  in  June  1909,  using  an  experimental  appa¬ 
ratus  having  a  capacity  of  10  000  cu.  ft.  per  min.  in  which  the 
air  was  cooled  as  low  as  20  deg.  with  an  inappreciable  entrain¬ 
ment  of  calcium  chloride  as  determined  by  careful  chemical 
analysis.  The  chief  difference  between  the  writer's  process  and 
Mr.  Walter’s  process  appears  to  be  in  the  fact  that  the  writer 
introduces  the  refrigerating  liquid  directly  into  the  air  in  the 
form  of  a  finely  divided  spray,  which  is  afterwards  eliminated, 
while  Mr.  Walter  distributes  his  brine  over  screens.  To  the 
writer’s  mind  the  latter  process  has  several  mechanical  object¬ 
ions,  the  chief  of  these  being  the  difficulty  of  distributing  water 
uniformly  over  the  screens  and  secondly  the  rapid  corrosion  of 
the  screens  which  must  necessarily  take  place  in  an  atmosphere 
quite  noticeably  charged  with  sulphur  dioxide  or  traces  of 
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sulphuric  acid  as  in  the  Pittsburgh  District.  The  writer  has 
found  in  these  plants  that  the  recirculated  water  becomes  highly 
acid  in  a  short  time  and  will  corrode  practically  everything  but 
monel  metal  and  cast  iron.  The  pumping  equipment  and  water 
piping  must  therefore  be  carefully  considered  with  reference  to 
its  acid  resisting  construction.  The  writer  would  recommend 
extra  heavy  piping,  monel  metal  nozzle  and  eliminators. 

I  would  also  recommend  so  far  as  possible  the  elimination 
of  all  easily  corrosible  parts,  such  as  screens,  etc.,  unless  they  are 
constructed  of  monel  metal  or  other  acid  resisting  material. 

Mr.  Louis  Block  :#It  is  a  known  fact  that  if  air  is  blown 
over  or  through  a  chloride  of  calcium  solution,  particles  of  cal¬ 
cium  are  carried  along  with  the  air  and  are  deposited  upon  the 
surfaces  with  which  the  air  afterwards  comes  in  contact.  I  have 
known  of  a  fur  storage  plant  in  wrhich  the  air  was  blown  over  a 
cooled  calcium  solution  and  the  method  of  cooling  had  to  be 
abandoned  because  the  calcium  was  distributed  to  a  consid¬ 
erable  extent  over  the  fur  garments  hanging  in  the  cooling  room. 

The  question  arises,  will  the  calcium  injuriously  affect  the 
inner  surfaces  of  the  blowing  cylinders?  will  it  affect  the  pro¬ 
duct  of  the  blast  furnace?  I  don’t  know  that  it  will,  but  I  call 
the  matter  to  your  attenion. 

Mr.  Walter  says:  “Another  important  advantage  is  that  the 
furnace  receives  a  uniform  weight  of  air,  with  a  uniform  moist¬ 
ure  content  and,  therefore,  works  with  greater  regularity  and 
produces  a  more  uniform  product,  than  one  blown  with  natural 
air.  ’  ’ 

I  ask,  is  not  this  the  all  important  advantage?  Is  it  not  a 
fact  that  if  the  furnace  manager  knows  just  what  to  expect  in 
the  way  of  weight  of  air,  and  its  moisture  content  during  every 
minute  of  the  day,  he  can  burden  his  furnace  and  predeter¬ 
mine  the  weight  of  coke  required  to  produce  a  ton  of  pig  iron 
with  great  accuracy?  If  uniformity  is  the  great  boon  which 
blast  furnace  managers  are  striving  for  does  it  pay  to  subject 
the  air  in  a  dry  blast  plant  to  a  second  cooling  stage  simply  for 
the  purpose  of  removing  another  1.25  gr.  of  moisture  out  of 

♦Consulting'  Engineer:  42  East  42nd  St.,  New  York,  N.  Y. 
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every  cubic  foot  of  air  blown?  Does  it  pay  to  go  to  an  extra 
expense  for  removing  this  1.25  gr.  by  mechanical  means? 

It  is  a  perfectly  simple  proposition  to  remove  all  the  moist¬ 
ure  out  of  the  air  down  to  2.75  gr.,  I  say  even  down  to  2.5  gr. 
which  corresponds  to  a  temperature  of  35  deg.  fahr.,  and  it  is 
cumbersome  and  expensive  to  remove  the  remaining  moisture. 
If  the  advantages  to  be  gained  by  removing  the  last  1.25  gr. 
are  not  very  considerable,  I  should  say  abandon  the  attempt  and 
be  satisfied  with  what  you  can  get  without  this  extra  effort. 

Mr.  Walter  states  that  it  requires  one  pound  of  coke  to 
decompose  one  pound  of  water  vapor  and  if  the  air  contains 
seven  grains  of  moisture  per  cubic  foot  before  it  is  treated  and 
would  be  blown  into  the  furnace  in  that  condition  57  600  pounds 
of  coke  would  be  required  to  decompose  the  moisture.  If  the  air 
is  cooled  to  24  deg.  fahr.,  at  which  temperature  it  contains  1.5 
gr.  then  it  would  require  only  12  340  pounds  of  coke  to  decom¬ 
pose  the  water  vapor  contained  in  the  air,  a  saving  of  45  260  lb. 
of  coke  per  day.  Now  Mr.  Walter  further  states  that  the  total 
saving  effected  in  a  400  ton  furnace  is  300  lb.  of  coke  per  ton,  or 
120  000  lb.  per  day.  It  appears  therefore  that  while  45  260  lb. 
of  all  the  coke  saved  is  due  to  drying  the  air,  and  the  saving  of 
74  740  lb.  of  coke  per  day  is  due  to  the  fact  that  the  furnace  re¬ 
ceives  a  uniform  weight  of  air  with  a  uniform  moisture  content. 

If  the  air  is  cooled  only  to  39  deg.  fahr.,  at  which  it  con¬ 
tains  2.75  gr.  of  moisture  then  the  saving  in  coke  due  to  dry¬ 
ing  the  air,  would  only  amount  to  34  965  lb.  per  day,  a  difference 
in  favor  of  the  air  containing  only  1.5  gr.  of  moisture  per  cubic 
foot,  of  10  295  pounds  of  coke  per  day. 

Now  let  us  see  what  it  will  cost  to  attain  this  saving  of  coke. 
It  requires  87  tons  of  refrigeration  per  day  to  cool  the  air  from 
39  deg.  and  saturation  to  24  deg.  and  saturation.  The  refrigera¬ 
ting  machine  must  operate  at  20  lb.  back  pressure  and  it  is 
safe  to  assume  that  during  the  summer  months  the  condenser 
pressure  will  be  184  lb.  Under  these  conditions  25  lb.  of  steam 
per  hour  per  ton  of  refrigeration  per  day  will  be  required  for 
driving  the  machine.  Assuming  a  boiler  evaporation  of  about 
9  :1  it  would  require  the  equivalent  of  6000  lb.  of  coke  per  day. 
To  evaporate  9526  lb.  of  water  per  day  in  order  to  reconcentrate 
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the  chloride  of  calcium  solution  in  the  manner  described  by  Mr. 
Walter  would  require  1500  lb.  of  coke  per  day.  To  circulate  the 
calcium  solution  over  the  cooling  tower  requires  1000  lb.  of  coke 
per  day.  Total  8500  lb.  of  coke  per  day. 

Two  attendants  are  no  doubt  required  to  attend  to  the 
handling  of  the  calcium  solution  and  its  reconcentration,  one 
man  for  the  day  and  one  for  the  night,  these  men  are  paid  $2.50 
each  per  day  and  $5.00  is  no  doubt  equivalent  to  25000  lb.  of  coke. 

If  my  calculation  is  correct,  and  if  it  is  not  I  hope  Mr. 
JWalter  will  correct  me,  then  it  would  cost  11  000  lb.  of  coke  to 
save  10  295  pounds. 

It  should  furthermore  be  taken  into  consideration  that  the 
extra  87  tons  refrigerating  machine  capacity  with  its  appurten¬ 
ances  will  cost  about  $8000.  The  extra  cooling  tower,  or  re¬ 
frigerating  chamber,  wfill  cost  at  least  $10  000  and  the  extra 
pump,  motor  wiring  and  piping  will  cost  $1000  unless  duplicate 
pumps  are  furnished  in  which  case  this  item  will  be  $1500. 
Take  the  interest  of  this  amount  at  six  percent  and  we  have 
$1140,  the  wear  and  tear  at  six  percent  and  we  must  add  another 
$1140. 

Besides  this,  power  is  required  for  driving  the  extra  fan, 
more  air  piping  is  required  and  more  space  is  needed.  Two  com¬ 
pressor  or  two  refrigerating  machines  must  be  operated  at  dif¬ 
ferent  back  pressures,  for  the  first  stage  30  lb.  back  pressure  will 
be  required,  for  the  second  stage  only  20  lb.  You  may  have 
two  225  ton  machines  each  equipped  with  two  compressors  in 
order  to  cool  and  dry  the  air  under  conditions  assumed  by  Mr. 
Walter,  three  of  these  compressors  would  be  connected  to  the 
first  stage  cooling  and  one  to  the  second  stage  cooling.  But  with 
this  arrangement  you  have  no  elasticity,  all  four  compressors 
must  be  so  connected  that  any  of  them  can  be  operated  in  connec¬ 
tion  with  the  second  stage  cooling  and  if  one  compressor  for  any 
reason  should  be  out  of  commision,  you  are  sure  to  get  irregular 
conditions  in  your  air  supply  to  the  furnace.  A  reserve  machine 
would  in  my  estimation  be  absolutely  necessary  in  order  to  be 
safe. 

The  refrigerating  work  of  the  first  stage  is  347.5  tons  per 
day  and  in  a  one  stage  cooling  plant  one  225  ton  compres- 
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sor  machine  will  come  very  close  to  doing  all  the  work  during 
the  night  even  in  midsummer,  provided  the  cooling  plant  is 
properly  arranged.  This  would  give  you  practically  a  spare 
machine  and  eliminate  the  danger  of  supplying  air  of  uneven 
moisture  content  to  the  furnace. 

I  submit  these  observations  for  your  consideration  and  hope 
thereby  to  direct  your  thoughts  into  channels,  which  for  a  long 
time  appeared  to  me  to  be  right,  however  you  should  bear  in 
mind  that  I  am  a  Refrigerating  and  not  a  Blast  Furnace  Engi¬ 
neer. 

% 

Mr.  J.  B.  Ladd  :*  I  have  not  come  prepared  to  say  anything, 
as  the  figures  which  interest  me  most  in  this  paper  are  those 
given  in  the  tables  and  copies  of  the  tables  were  unfortunately 
not  given  in  the  copy  of  the  paper  which  the  Secretary  very 
kindly  forwarded  to  me. 

I  find  much  of  interest  in  Mr.  Walter’s  paper  and  feel  sure 
it  will  be  fully  appreciated  by  many. 

Aside  from  the  estimated  cost  of  the  equipment,  it  seems  to 
me  that  the  most  important  statement  made  in  the  paper  is  that 
the  saving  in  blowing  engine  power  is  practically  equal  to  the 
power  required  for  operating  the  refrigerating  plant,  so  that 
the  power  for  refrigeration  is  obtained  at  no  expense.  While 
Mr.  Walter  gives  at  length  his  heat  calculations  and  shows  how 
he  estimates  the  power  required  for  refrigeration,  he  tells  noth¬ 
ing  of  how  he  estimates  the  saving  in  blowing  engine  power 
and,  as  I  have  no  doubt  but  that  he  has  figured  same  out  care¬ 
fully  and  accurately,  I  suggest  that  the  paper  would  be  more 
complete  if  it  showed  how  the  stated  average  saving  of  blowing 
engine  power  is  obtained. 

It  is  evident,  of  course,  that  there  will  be  a  reduction  in  the 
blowing  engine  power  if  the  engines  are  supplied  with  air  at  a 
temperature  of  24  deg.  fahr.  instead  of  at  the  average  atmos¬ 
pheric  temperature  of  55  deg.  fahr.  due  to  the  lesser  volume  of 
air  at  the  lower  temperature;  however,  calculations  to  show  the 
saving  in  blowing  engine  power  due  to  this  reduction  in  tem¬ 
perature  of  the  air  should  contain  liberal  allowances  for  losses, 
as  in  ordinary  installations  it  will  be  necessary  to  carry  the  cold 

♦Consulting  Engineer,  Mutual  Life  Insurance  Bldg.,  Philadelphia,  Pa. 
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dry  air  an  appreciable  distance  to  the  blowing  engines,  which 
will  result  in  a  rise  in  temperature  and,  furthermore,  the  tem¬ 
perature  of  the  air  as  it  enters  the  blowing  engines  will  be  in¬ 
creased  as  the  air  comes  in  contact  with  the  hot  ports,  valves, 
pistons  and  cylinder,  all  of  which  will  have  been  heated  by 
compressing  the  previous  charge,  so  that  in  the  case  considered, 
when  the  blowing  engine  cylinder  is  full  the  temperature  of  the 
air  will  be  appreciably  above  24  deg.  fahr.  A  similar  heating 
will,  of  course,  take  place  when  the  engines  are  supplied  with  air 
at  atmospheric  temperature  and  on  account  of  the  allowances 
which  must  be  made  for  heat  losses  in  both  cases,  I  doubt  if  cal¬ 
culations  will  give  useful  figures  of  the  relative  blowing  engine 
powers. 

As  actual  results  in  blowing  engine  power  due  to  refriger¬ 
ation  can  be  obtained  from  existing  plants,  I  trust  that  Mr. 
Walter  will  supplement  his  paper  by  giving  us  such  data  and 
the  actual  results,  in  addition  to  his  theoretical  calculations. 

Mr.  S.  M.  Marshall:*  We  have  no  refrigerating  plants 
installed  at  any  of  our  furnaces  and  I  am,  therefore,  unable  to 
add  any  operating  data  to  the  information  which  Mr.  Walter 
has  given.  There  are,  however,  a  few  questions  which  I  would 
like  to  ask  Mr.  Walter. 

First :  There  are  three  methods  of  refrigeration  which  are 
being  considered  more  or  less  today;  one  cooling  the  air  before 
the  blowing  engine,  one  after  the  blowing  engine  and  the  dense 
air  system  by  which  the  air  itself  is  compressed  under  the  or¬ 
dinary  blast  pressure,  cooled  at  this  higher  pressure  and  later 
re-expanded  to  reduce  the  temperature  and  moisture.  I  would 
be  glad  if  Mr.  Walter  would  tell  us  something  about  the  merits 
of  his  system  as  compared  with  the  other  two. 

Second:  The  percentage  of  saving  due  to  the  use  of  dry 
blast,  I  imagine,  would  be  dependent  upon  the  initial  coke  con¬ 
sumption  of  the  furnace  and  upon  the  stove  heats.  It  would  be 
interesting  to  know  how  these  two  factors  affect  the  percentage 
of  saving. 

Third:  Apparently  dry  blast  and  thin  linings  in  blast 
furnaces  produce  large  savings  in  the  fuel  economy  when  used 

♦Assistant  Chief  Engineer,  Cambria  Steel  Company,  Johnstown,  Pa. 
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independently.  Can  Mr.  Walter  give  us  some  data  on  the  prob¬ 
able  effect  of  using  the  two  simultaneously? 

Mr.  Walter’s  paper  has  been  very  interesting  and  he  has 
given  some  valuable  data  for  the  use  of  other  plants  which  are 
considering  the  installation  of  dry  blast  apparatus.  It  seems 
to  me,  however,  that  his  estimated  saving  of  270  h.  p.  in  the 
blowing  cylinders  must  be  too  high.  While  he  has  reduced  the 
volume  of  air  to  be  compressed  very  appreciably  by  lowering 
its  temperature,  he  has  reduced  the  weight  by  a  very  small  per¬ 
centage,  due  to  the  elimination  of  the  moisture. 

Prof.  S.  L.  Goodale  :f  If  we  are  able  to  make  a  saving  in 
an  engine  which  uses  as  much  fuel  as  a  blast  furnace,  of  some¬ 
where  in  the  neighborhood  of  20  percent,  the  saving  of  fuel 
itself  is  a  very  important  item,  and  I  was  very  glad  to  hear  Mr. 
Walter  say  that  fuel  economy  is  the  reason  for  dry  blast  installa¬ 
tion  rather  than  the  matter  of  having  the  furnace  run  regularly 
and  uniformly,  however  important  that  may  be.  A  saving  of 
20  percent,  to  which  the  saving  in  fuel  and  the  increased  pro¬ 
duction  approximates,  if  all  figured  as  fuel  saving,  and  none  as 
increased  production  in  an  engine  which  uses  perhaps  400  tons 
or  more  of  coke  per  day  is,  it  seems  to  me,  a  very  large  and 
important  saving. 

There  is  one  place  in  Mr.  Walter's  paper  where  he  is  ultra¬ 
conservative  in  his  statement.  In  looking  over  the  calculations 
for  the  amount  of  coke  used  to  break  down  water  vapor,  it 
seems  to  me  that  probably  more  than  one  pound  of  coke  would 
be  required  to  break  up  a  pound  of  water  vapor  in  the  furnace. 
In  the  reaction  for  breaking  up  the  moisture  we  may  say  that 
12  parts  of  carbon  are  needed,  actually,  to  break  up  18  parts 
of  water  vapor;  and  there  is  an  absorption  of  heat  in  that  re¬ 
action  which  must  be  made  up  by  the  combustion  of  an  addition¬ 
al  12  parts  of  carbon.  So  that  if  24  parts  of  carbon  were  con¬ 
sumed  to  18  parts  of  water  vapor  broken  up  the  heat  produced 
would  be  practically  balanced  by  the  heat  absorbed;  and  in  ad¬ 
dition  a  little  carbon  must  be  burned  to  heat  the  products  of  this 
reaction  to  the  temperature  of  the  furnace  hearth.  So  that  it 
seems  to  me  that  about  ll/2  pounds  of  coke  is  a  more  close  ap- 

tProfessor  of  Metallurgy,  University  of  Pittsburgh. 
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proximation  to  the  amount  that  is  actually  used  by  the  furnace 
in  breaking  up  one  pound  of  water  vapor. 

The  two  stage  condensation  is  a  kind  of  consideration  which 
interests  me  greatly.  Most  of  the  work  is  done  with  the  cheaper 
energy,  that  is,  as  I  understand  it,  it  is  more  expensive  to  re¬ 
move  a  certain  amount  of  water  vapor  at  a  very  low  tempera¬ 
ture  than  to  remove  the  same  quantity  at  a  temperature 
nearer  the  ordinary;  and  as  Mr.  Walter  proposes  to  do  most 
of  the  condensing  at  a  temperature  economically  obtainable,  com¬ 
pared  to  freezing  and  undercooling,  a  considerable  economy  of 
operation  should  result.  At  the  opposite  extreme  of  temperature, 
in  other  operations,  vast  quantities  of  heat  are  thrown  away  by 
metallurgical  plants  in  waste  furnace  gases  because  heat  is  not 
usable  by  the  particular  furnace  unless  supplied  at  a  high  tem¬ 
perature.  In  some  cases  heat  of  this  kind  is  recovered  for  steam 
raising ;  but  I  believe  it  is  still  a  field  from  which  good  technical 
work  can  be  made  to  yield  large  returns  by  utilizing  the  heat 
for  purposes  for  which  moderate  temperatures  only  are  required. 
This  is  just  another  problem  in  multi-stage  operation  for 
economy. 

In  regard  to  the  amount  of  power  used,  it  would  seem  as  if 
there  were  a  sufficient  amount  of  furnace  gas  available  around 
our  blast  furnaces  that  could  be  used,  and  there  should  not  be 
needed  any  great  additional  expense  for  the  power  used  in  the 
refrigerating  plant. 

There  is  another  method  of  drying  blast  which  has  been 
introduced  at  one  place  abroad,  and  that  is  direct  drying  by  con¬ 
tact  with  dry  calcium  chloride.  It  occurred  to  me  to  ask  if  it 
would  not  be  possible  perhaps  to  substitute  that  method  of 
drying  in  place  of  the  proposed  second  stage.  In  that  way  would 
be  secured  the  advantage  of  the  uniform  moderate  tempera¬ 
ture  of  the  blast,-  and  possibly  a  lower  cost  for  the  final  drying 
of  the  air. 

Mr.  E.  D.  Leland:*  I  wish  to  enquire  about  another  plan 
that  has  been  proposed  as  a  cheap  and  efficient  method  of  dry¬ 
ing  the  air  for  blast  furnaces. 

♦Superintendent,  Compressing  Stations,  Philadelphia  Company,  Pitts¬ 
burgh. 
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The  idea  was  to  spray  glycerine  into  the  air  cylinder  of  a 
blast  engine,  in  order  that  the  glycerine  might  absorb  the  moist¬ 
ure  and  thus  give  dry  air  for  the  furnace.  A  separating-re- 
ceiver  was  to  be  introduced  between  the  engine  and  the  furnace, 
and  the  glycerine  thus  recovered  was  to  be  used  again.  I  under¬ 
stand  that  several  years  ago  the  device  was  patented’,  and  an 
experimental  plant  erected  at  Bradford,  Pa.,  from  which  very 
satisfactory  results  were  claimed.  Perhaps  Mr.  Walter,  or  some 
ot  the  others  present  who  are  familiar  with  blast  furnace  work, 
can  tell  us  more  about  the  method  and  its  later  history. 

I  would  like  to  offer  a  suggestion  regarding  the  new  re¬ 
frigerating  arrangement  Mr.  Walter  has  shown. 

In  his  sketch,  after  the  second  refrigeration,  the  air  goes 
directly  from  the  top  of  the  tank  to  the  blast  engine.  Now,  after 
cooling,  the  excess  of  moisture  would  doubtless  be  present  in  the 
air  in  the  form  of  fog,  and  this  fog  might  continue  on  through 
with  the  air  current  into  the  furnace. 

v 

This  action  is  probably  what  did  occur  in  the  case  men¬ 
tioned  where  chloride  of  calcium  spray  was  carried  over  to  the 
injury  of  some  furs.  It  requires  time  to  precipitate  a  light  fog, 
and  my  thought  is  that  by  passing  the  air  through  a  large  tank 
or  drum,  after  its  final  cooling,  the  temporary  checking  of  the 
air  current  would  give  time  for  moisture  precipitation  and 
thus  add  materially  to  the  efficiency  of  the  new  apparatus. 

Mr.  J.  I.  Lyle I  would  like  to  add  to  Mr.  Walter’s  list 
one  or  two  questions,  which  came  up  during  the  reading  of  the 
paper,  which  did  not  seem  entirely  clear.  He  speaks  of  radia¬ 
tion  losses  being  covered  by  one  percent  of  the  actual  amount 
of  work  being  done.  I  did  not  have  a  copy  of  the  tables  and  I 
tried  to  work  out  the  loss  assuming  certain  conditions.  Mr. 
Walter  probably  has  better  insulation  than  I  have  and  I  simply 
bring  up  the  question  to  ask  him  what  kind  of  insulation  he  is 
using  to  get  such  splendid  results.  Neither  could  I  find  in 
the  calculation  any  account  being  taken  of  the  work  being  put 
on  to  the  machine  due  to  the  heat  from  the  concentrated  brine. 
There  is  a  third  item,  that  of  the  friction  of  the  air  going 

.  ^Manager,  Carrier  Air  Conditioning  Company,  39  Cortlandt  St.,  New 

York,  N.  Y. 
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through  the  cooling  chamber.  You,  who  have  had  experience 
with  fan  work  know  that  there  is  bound  to  be  a  drop  in  air 
pressure  in  passing  through  the  chamber,  and  this  is  lost  work 
which  is  converted  into  heat.  The  water  and  calcium  brine 
which  is  pumped  to  tanks  and  allowed  to  flow  down  is  a  falling 
body  which  is  converted  into  heat.  Assuming  that  the  water 
and  brine  fall  40  ft.  and  that  there  is  a  two  ounce  loss  in  the 
air  pressure  in  passing  through  the  cooling  chamber,  that  gives 
an  additional  iy2  percent  to  be  added  to  the  loss  for  insulation. 
My  calculations  are  as  follows: 

Work  lost  by  air  friction: 

40000  X  2  X  0.00027  =  21.6  h.  p. 

Work  lost  by  falling  water: 

4300  X  40  -f-  33000  =  5.2  h.  p. 

Work  lost  by  falling  brine: 

2940  X  40  33000  =  3.5  h.  p. 

30.3  h.  p. 

30.3  X  42%  =1287  B.  t.  u.  per  min. 

With  two  inch  cork  board  on  1st  stage: 

3150  X  4.3  X  25  -f  - 1440  =  236 
With  three  inch  cork  board  on  2nd  stage: 

3464  X  2.9  X  58  -1- 1440  =  450 


1973 

1973  -r-  86  075  =  2.3  percent  losses 

without  taking  into  account  heat  from  concentrated  brine  or 
heating  of  water  and  brine  due  to  the  pumps  and  friction  in 
piping. 

There  are  two  other  points  I  would1  like  to  discuss,  if  Mr. 
Walter  will  pardon  my  answering  the  gentleman  who  just 
brought  up  the  question  of  elimination.  Mr.  Carrier’s  paper 
spoke  of  a  certain  amount  of  entrainment  of  calcium  being 
carried  over  in  an  installation  he  built  some  years  ago.  In  in¬ 
stallations  using  a  direct  spray,  which  you  may  find  in  other  in¬ 
dustrial  work,  if  a  proper  velocity  is  kept  through  the  eliminat¬ 
ing  plates  and  they  are  properly  constructed  you  will  not  get  an 
entrainment  passing  the  eliminating  plates  such  as  Mr.  Walter 
proposes  to  use  and  a  chamber  such  as  you  have  mentioned 
is  not  necessary.  I  have  recently  seen  the  records  of  some  very 
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accurate  tests  worked  out  by  people  who  were  in  no  w^ay  in¬ 
terested  in  the  plant  which  showed  as  little  as  0.07  of  a  grain  of 
moisture  as  the  maximum  amount  carried  over  in  a  test  ex¬ 
tending  over  a  period  of  several  days.  This  was  the  maximum 
reading  they  found  in  taking  the  temperatures  of  the  dew  point 
and  the  temperatures  after  they  had  been  heated  up,  that  is, 
taking  a  sample  from  the  bustle  pipe. 

Mr.  Walter  and  others  also  spoke  of  the  advantage  of  de¬ 
livering  to  the  furnace  a  constant  weight  of  air.  I  have  not 
beard  any  one  mention  the  effect  of  variations  of  the  barometric 
pressure  on  the  amount  of  air  delivered  to  the  furnace.  We 
have  variations  in  barometric  pressure  in  a  day  very  commonly 
of  one  inch.  It  is  not  unusual  at  all  to  have  \]/i  in.  I  do  not 
know  what  the  exact  records  are  for  Pittsburgh  but  for  Phila¬ 
delphia  they  have  had  over  21,4  in.  of  total  variation.  Now 
a  variation  in  barometric  pressure  affects  the  amount  of  air  de¬ 
livered  to  the  furnace  because  the  weight  is  inversely  in  pro¬ 
portion  to  the  pressure,  and  if  we  have  in  one  day  a  variation  in 
barometric  pressure  of  1^  in.  it  makes  a  variation  in  the  amount 
of  air  delivered  to  the  furnace  of  over  5  percent.  So  that  when 
we  make  the  statement  that  by  maintaining  a  constant  speed  of 
our  engine  and  delivering  to  the  blowing  engine  air  at  a  con¬ 
stant  temperature,  it  does  not  mean  that  we  are  delivering  a  con¬ 
stant  weight  of  air.  That  is  a  point  that  I  think  should  be  given 
some  consideration.  I  have  noticed  it  for  quite  some  months 
and  have  been  keeping  records  and  tabulations  of  what  can  be 
done  in  that  line.  If  it  is  of  importance  to  deliver  a  constant 
weight  of  air  we  ought  to  take  the  barometer  into  account  as  well 
as  the  temperature. 

May  I  ask  just  one  thing  more.  Mr.  Walter  gave  records 
for  a  certain  year  but  did  not  state  the  year.  I  would  like  to 
know  the  year,  for  purposes  of  comparison  with  other  years,  if  he 
does  not  object  to  giving  it. 

The  Author  :  My  paper  seems  to  have  come  in  for  quite 
an  unusual  amount  of  criticism,  and  I  am  very  glad  of  it.  It 
makes  things  interesting. 

Replying  to  Mr.  Ladd's  question  in  regard  to  the  power 
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saved  in  the  blowing  engines,  I  wish  to  say  that  this  is  simply 
a  matter  of  volume  of  air  blown. 

A  fair  estimate  of  the  power  required  to  compress  air  in  a 
blowing  engine  to  15  lb.  gauge  pressure,  is  60  i.  h.  p.  per  1000 
cu.  ft.  of  air  per  min.  so  compressed.  Assuming  that  the  air  is 
taken  from  the  engine  room  and  that  the  average  temperature  is 
85  deg.  and  the  average  moisture  content  is  4.8  gr.  per  cu.  ft. 
then  the  power  required  to  compress  1000  cu.  ft.  of  this  mixture 
is  60  i.  h.  p.,  and  the  weight  of  dry  air  in  mixture  is  71.96  lb. 
The  power  required  to  compress  one  pound  of  dry  air  under  these 
conditions  is  0.8338  i.  h.  p. 

When  the  air  is  dried  before  compression  to  1.5  gr.  water 
vapor  per  cu.  ft.,  it  is  assumed  that  a  rise  of  five  degress  in  temp¬ 
erature  occurs  between  the  drying  tower  and  the  blowing  en¬ 
gines,  so  that  a  condition  of  29  deg.  and  1.5  gr.  exists  at  the  in¬ 
let  valves  and  the  weight  of  dry  air  in  1000  cu.  ft.  of  this  mix¬ 
ture  is  81.13  lb. 

The  power  required  to  blow  one  pound  is 
60  -f-  81.13  =  0.7395  i.  h.  p. 

The  power  saved  on  the  delivery  of  one  pound  of  dry  air 

is,  therefore,  0.0943  i.  h.  p.  equal  to  11.3  percent  of  the  power 
required  to  blow  one  pound  under  the  natural  air  condition. 

Mr.  Marshall  has  asked  about  refrigeration  after  compres¬ 
sion.  I  am  not  prepared  to  discuss  that  as  I  know  so  little  about 

it.  1  think  Mr.  Ladd  would  probably  be  more  able  to  give  facts 
and  figures  on  that  than  I  am,  as  he  is  connected  with  a  firm 
that  is  interested  in  advancing  that  process.  I  will  say  though 
that  we  lose  something  in  regularity  in  quantity  of  oxygen  de¬ 
livered  to  the  furnace  by  refrigerating  after  compression  unless 
some  effort  is  made  to  regulate  the  speed  of  the  blowing  engines 
to  meet  the  temperature  and  moisture  conditions  in  the  blowing 
engine  room. 

We  also  lose  from  80  to  100  deg.  of  heat  by  drying  after 
compression.  In  drying  before  compression  we  get  the  benefit  of 
the  heat  of  comparison  added  to  the  initial  temperature  of  the 
air  entering  the  blowing  engines,  but  in  the  after  compression 
method,  all  the  heat  of  compression  is  removed  and  the  tempera¬ 
ture  is  further  lowered  to  40  or  50  deg.  This  lost  heat  must  be 
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supplied  by  the  hot  blast  stoves  and  therefore  the  gas  consumed 
in  furnishing  it  should  be  charged  against  the  plant  as  power 
consumed. 

Mr.  Marshall  also  asked  about  the  dense  air  drying.  I 
know  some  experiments  were  made  on  that  some  years  ago 
and  I  think  the  cost  was  found  to  be  excessive.  It  is  nothing 
but  an  air  refrigerating  machine  and  air  refrigeration  is  much 
more  costly  than  ammonia  refrigeration  for  the  B.  t.  u.  removed. 
1  am  not  able  to  give  any  figures  on  condensed  air  refrigeration 
apparatus  but  was  informed  that  the  apparatus  for  operating 
the  plant  is  very  costly. 

In  regard  to  the  spray  going  over  I  think  Mr.  Lyle  has  ans¬ 
wered  that  very  fully  and  I  know  from  a  demonstration  that 
I  saw  at  the  Carrier  Air  Conditioning  Company’s  plant  at  Buf¬ 
falo  that  it  does  not  go  over.  The  matter  of  contaminating  furs 
I  do  not  think  applies  to  the  case  of  calcium  chloride  in  the 
blowing  engines.  When  this  matter  of  drying  air  with  calcium 
chloride  brine  by  direct  contact  was  brought  to  my  attention  I 
thought  that  there  might  be  enough  calcium  chloride  carried 
over  to  form  some  kind  of  a  pasty  emulsion  with  the  oil  in  the 
blowing  engine  tub.  But  when  it  was  shown  to  me  how  little 
is  carried  over,  how  much  oil  is  used  in  a  blowing  engine  tub 
and  how  little  air  really  conies  in  contact  with  the  surface  of  the 
cylinder  walls,  I  concluded  there  was  no  danger  of  any  trouble 
from  that  source. 

My  insulation  figures  are  based  on  covering  the  tower  with 
two  inches  of  cork  lagging  from  the  bottom  of  the  filter  to  the 
water  distributing  pan  and  three  inches  of  the  same  material 
from  this  point  to  the  air  outlet.  The  exact  calculations  show  a 
loss  of  504  B.  t.  u.  per  min.  which  is  less  than  0.6  percent  of 
86  075  B.  t.  u.,  the  whole  work  to  be  done  on  the  air. 

In  regard  to  the  barometric  pressure  that  is  a  matter  over 
which  we  have  no  control,  and  I  really  think  that  our  efforts  at 
regularity  in  temperature  and  moisture  are  commendable  even 
if  we  do  have  some  irregularity  of  barometric  pressure.  In  other 
words  we  should  not  stop  at  efforts  to  deliver  a  regular  quan¬ 
tity  of  oxygen  to  the  furnace  because  of  the  barometric  changes. 

By  introducing  the  air  to  the  blowing  engines  at  a  constant 
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temperature  and1  moisture  content,  we  eliminate  the  greatest 
variable  and  prevent  a  combustion  of  an  abnormally  low  baro¬ 
meter  with  a  high  temperature.  Records  at  one  of  the  furnace 
plants  in  this  district  show  an  extreme  barometric  variation  in 
two  and  one-half  years  of  1.1  in.,  the  maximum  in  that  period 
being  30  in.  and  the  minimum  being  28.9  in. 

The  year  for  which  the  moisture  tables  were  taken  was 
1905,  that  being  the  only  year  of  continuous  operation  of  the 
dry  blast  plant  at  the  Isabella  Furnaces.  Other  years  were  in¬ 
terrupted  by  stoppages  of  the  furnace  on  account  of  lack  of  de¬ 
mand  for  iron. 

Referring  to  Prof.  Goodale’s  remarks  about  saving  of  fuel, 
I  wish  to  say  that  20  percent  is  the  maximum  that  has  been 
obtained  and  there  was  practically  no  increase  in  iron  pro¬ 
duced  at  that  point.  The  production  increases  as  the  fuel  is  in¬ 
creased  and  a  fair  average  working  condition  is  such  as  stated 
in  the  paper;  viz.,  the  saving  of  12:5  percent  in  fuel  and  an  in¬ 
creased  production  of  10  percent.  It  has  been  demonstrated  at 
one  furnace  plant  operating  with  dry  blast  that  a  saving  of  five 
to  seven  percent  of  coke  can  be  effected  while  increasing  the  pro¬ 
duction  20  to  25  percent. 

My  statement  in  regard  to  the  coke  required  to  eliminate 
one  pound  of  water  was  not  intended  to  be  an  exact  statement 
of  the  case,  and  not  being  a  metallurgist  myself,  I  am  very  glad 
to  have  a  statement  by  Prof.  Goodale  in  regard1  to  this  matter. 
If  it  requires  one  and  a  half  pounds  of  coke  to  break  up  one 
pound  of  water,  the  saving  of  fuel  due  to  the  elimination  of 
moisture  is,  therefore,  a  larger  percentage  of  the  total  saving 
and  the  saving  due  to  regularity  is  proportionally  reduced. 
This  being  true,  Mr.  Block’s  calculation  based  on  one  pound  of 
coke  to  one  of  water  will  have  to  be  revised  and  will  show  a 
considerable  saving  in  fuel  for  the  second  stage,  especially  as 
he  has  included  the  wages  of  two  extra  men  who  are  not  needed 
for  the  operation  of  the  plant.  I  neglected  to  state  in  the  paper 
that  the  plant  described  requires  one  man  only  on  each  turn. 

In  regard  to  Prof.  Goodale’s  suggestion  of  using  calcium 
chloride  in  a  crystallized  form  for  removing  the  moisture  in  the 
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second  stage,  I  wish  to  say  that  this  method  of  drying  the  blast 
was  tried  at  a  furnace  in  France. 

These  towers  were  provided  to  be  used  in  a  regenerative 
manner  so  that  while  the  air  was  being  dried  in  tli  first  tower, 
in  the  second  the  calcium  chloride  was  being  dried  by  heat  from 
waste  gases  and  in  the  third  the  calcium  chloride  was  being 
cooled  to  be  ready  to  dry  air  again. 

I  have  been  informed  by  an  engineer  who  visited  the  plant 
that  it  was  found  impossible  to  keep  the  calcium  chloride  from 
fusing  into  a  solid  mass  which  was  not  broken  by  the  method 
used  in  drying  it  and  consequently  had  to  be  broken  up  by 
hand.  He  also  informed  me  that  while  the  air  was  very  dry 
when  the  calcium  chloride  was  fresh,  the  moisture  rose  rapidly 
and  the  tower  had  to  be  changed  very  frequently. 

I  am  very  glad  to  have  such  an  authority  on  the  drying  of 
air  as  Mr.  Carrier,  take  so  much  trouble  to  criticise  my  paper. 
I  just  want  to  say  that  I  think  he  overestimates  the  difficulties 
to  be  encountered  due  to  the  corrosion  of  the  screens  and  sur¬ 
faces  exposed  to  the  air  and  the  circulating  water.  While  this 
water  in  time  may  become  acid,  it  can  easily  be  changed  and  a 
new  charge  of  purified  water  put  into  the  system.  In  fact  this 
will  be  done  automatically  to  a  large  extent  when  the  water 
wasted  from  washing  the  filter  is  replaced  by  new  water.  If  this 
is  found  to  be  insufficient  an  occasional  introduction  of  lime  will 
be*  found  efficient  in  preventing  the  corrosive  action  of  the  acid. 


[A  partial  bibliography  of  recent  literature  on  Dry  Blast  is  ap¬ 
pended,  and  it  is  desired  to  acknowledge  the  assistance  of  the  Technol¬ 
ogy  Department  of  the  Carnegie  Library  of  Pittsburgh  in  its  pre- 
paraton.  Editor.] 
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BY-PRODUCT  COKE  OVENS 


By  William  E.  Hartman* 


The  by-product  coke  industry  has  made  such  remarkable 
progress  in  this  country  in  the  last  few  years  that  one  hesi¬ 
tates  to  write  anything  on  the  subject.  His  views  at  present 
may  be  so  radically  modified  by  subsequent  early  improvements 
in  the  art  that  he  is  in  great  danger  of  being  out  of  date  before 
the  expression  of  his  views  are  forgotten. 

This  impetus  of  the  by-product  coke  oven  business  is  largely 
due  to  the  progressive  action  of  the  United  States  Steel  Cor¬ 
poration,  and  the  beginning  of  the  real  growth  of  the  business 
may  be  dated  at  the  time  when,  four  years  ago,  the  Steel  Cor¬ 
poration’s  Coke  Committee  investigated  the  different  types  of 
by-product  coke  ovens  in  Europe,  and  as  a  result  built  the  plant 
of  280  ovens  at  Joliet,  Illinois.  This  coke  oven  installation  has, 
it  may  be  truly  said,  set  the  pace  for  the  industry  in  this 
•country,  and  we  are  also  safe  in  saying  that  the  results  obtained 
in  this  plant  excited  the  envy  and  admiration  of  European 
operators.  That  the  coke  committee  of  the  Steel  Corporation 
decided  wisely,  can  be  best  judged  by  the  fact  that  the  corpo¬ 
ration  has  since  invested  about  $10  000  000  more  in  the  con¬ 
struction  of  its  Gary,  Indiana  and  its  Corey,  Alabama  coke 
plants. 

It  is  gratifying  to  see  that  this  country  is  adopting  indus¬ 
trial  methods  conducive  to  the  preservation  of  our  natural 
resources,  but  it  may  be  remarked  in  this  connection  that  the 
broad  minded  principle  of  conservation  alone 'is  not  the  actu¬ 
ating  force  behind  this  movement.  It  may  be  said  that  this  is 
only  incidental.  The  main  argument  for  by-product  coke  ovens 
with  the  business  man  is  the  economy  involved.  If  in  the  keen 
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competitive  struggle  for  business,  it  were  cheaper  to  make  bee 
hive  oven  coke  than  by-product  coke,  the  growth  of  the  by¬ 
product  oven  industry  would  be  exceedingly  slow. 

Quality  of  Coke :  One  element  which  has  been  instrumental 
in  retarding  the  by-product  coke  oven,  has  been  the  prejudice 
regarding  the  quality  of  the  coke  produced.  It  cannot  be  ab¬ 
solutely  stated  that  this  prejudice  was  without  foundation.  Only 
in  recent  years  have  by-product  ovens  been  built  which  could 
make  coke  superior  in  every  way  to  the  bee  hive  product.  The 
coke  consumer  had,  and  may  still  in  some  instances  have,  good 
cause  for  complaint  on  the  score  of  lack  of  uniformity  and 
black  ends. 

Uniform  Heating  of  Ovens :  The  prime  requisite  in  by¬ 
product  oven  coking,  is  uniformity  of  heating  throughout  the 
length  of  an  oven,  thus  producing  coke  uniformly  coked  in  a 
minimum  length  of  time.  An  oven  that  is  designed  to  accom¬ 
plish  this  purpose  to  perfection,  can  be  operated  on  the  shortest 
possible  coking  time,  this  coking  time  being  limited  only  by  the 
refractory  qualities  of  the  construction  material.  Without  this 
uniformity  of  heating,  it  is  impossible  to  make  any  decided  re¬ 
duction  in  coking  time,  because  of  the  danger  of  either  over¬ 
coking  or  under-coking  some  of  the  charge,  both  of  which  faults 
are  detrimental  to  the  quality  of  the  coke.  Another  feature  of 
over-coking,  sometimes  encountered,  is  the  difficulty  of  push¬ 
ing  the  charge,  due  to  the  excessive  amount  of  fracture  result¬ 
ing  in  fine  coke  or  breeze. 

Short  Coking  Time :  That  quick  coking  time  is  an  ad¬ 
vantage  in  by-product  coke  oven  practice,  is  evidenced  by  the 
experience  of  the  last  few  years.  It  has  been  found  that  reduc¬ 
ing  the  coke  time  from  24  hours  to  16  hours  for  the  charge 
results  in  a  considerable  improvement  in  the  coke,  this  result 
being  testified  to. by  the  blast  furnace  departments.  Shortening 
the  coking  time  increases  the  porosity  of  the  coke  without  de¬ 
creasing  its  crushing  strength.  The  product  is,  therefore,  better 
adapted  for  furnace  use.  In  this  connection,  we  may  say  that 
the  company  with  which  the  writer  is  connected  has  recently 
contracted  with  the  Woodward  Iron  Co.  for  eighty  13 ton 
evens,  with  a  guarantee  of  15  hours  coking  time,  and  the  writer 
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confidently  believes  that  we  will,  before  long,  see  the  time  when 
by-product  coke  ovens  are  operated  on  12  hours  coking  time 

Silica  Material:  Such  results  could  not  be  accomplished 
were  it  not  for  the  introduction  of  silica  material  in  oven  con¬ 
struction.  The  Steel  Corporation’s  Joliet  plant  was  built  with 
one  of  the  four  batteries  of  silica  material,  and  this  was  merely 
an  experiment.  By  silica  material  we  mean  material  with  about 
96  percent  Si02.  There  was  great  fear  of  the  danger  due  to  this 
highly  expanding  brick,  which  expansion  is  about  %  in.  to  the 
foot,  and  in  the  length  of  the  70  oven  battery  there  was  35  in. 
of  expansion  to  be  taken  care  of. 

It  was  predicted  and  expected  by  some  coke  oven  people, 
that  the  end  ovens  of  the  battery  would  be  pushed  off  the 
foundations,  but  we  are  glad  to  say  that  we  were  able  to  take 
care  of  this  pronounced  expansion.  The  great  advantage  of 
this  highly  refractory  material  is  the  fact  that  we  are  able  to 
increase  the  coking  temperature  in  connection  with  decreasing 
the  coking  time,  without  the  danger  incidental  to  the  use  of 
less  refractory  material.  Therefore,  we  would  say  that  the  ad¬ 
vance  in  the  industry  is  due  largely  to  the  possibilities  resulting 
from  the  adoption  of  silica  material. 

Size  of  Ovens:  Another  feature  of  note  in  by-product 
coking,  is  the  increase  in  the  size  of  ovens.  The  ovens  built  at 
Joliet  in  1907-1908,  were  designed  with  a  capacity  of  10y2  tons 
per  charge,  and  these  were  then  considered  large  ovens.  The 
ovens  of  the  same  type,  built  since  this,  have  been  12%  or  13% 
tons  capacity  per  charge.  Our  standard  oven  at  this  date  is 
15  tons  per  charge.  This  increase  in  the  size  of  the  ovens  has 
an  important  bearing  on  the  operating  cost,  and,  therefore,  it 
is  an  element  of  progress  in  the  industry,  but  it  is  worthy  of 
notice  that  it  would  be  folly  to  try  to  make  such  decided  in¬ 
creases  in  oven  capacity  unless  the  design  of  the  oven  provided 
for  uniformity  of  coking  throughout  the  length  of  the  oven. 
This  15  ton  oven  referred  to  is  40  ft.  long  between  doors,  11  ft. 
high,  and  has  an  average  width  of  19  in. 

Size  of  Batteries:  In  the  last  few  years  there  has  been  a 
decided1  increase  in  the  number  of  ovens  built  to  a  battery.  For¬ 
merly  a  50  oven  battery  was  considered  a  maximum.  The 
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Steel  Corporation  started  out  in  its  first  plant  at  Joliet  with 
four  70  oven  batteries,  and  they  have  followed  this  arrangement 
in  their  Gary,  Ind.,  and  Corey,  Ala.  plants.  However,  it  is 
worthy  of  notice  that  their  Duluth,  Minn,  plants  contemplate 
a  battery  of  92  ovens.  The  largest  number  of  ovens  that  has 
ever  been  built  in  one  battery  is  a  recent  installation  of  Hop¬ 
pers’  ovens  at  Kaiser-Freiderich  Colliery,  near  Dortmund,  Ger¬ 
many.  Here  they  have  120  ovens  in  one  battery  and  they  ex¬ 
perienced  no  expansion  difficulties  in  heating  up  the  installa¬ 
tion.  It  is  evident  that  increasing  the  size  of  the  battery  de¬ 
creases  the  construction  cost,  as  well  as  the  operating  cost.  There- 
is  no  reason  why  these  longer  batteries  cannot  be  successful  in 
every  way,  provided  proper  construction  precautions  are  taken 
for  the  expansion  of  the  material. 

First  Cost  of  By-Product  Coke  Ovens :  When  bee  hive 
ovens  can  be  built  for  $700  to  $800  per  oven,  including  all  ma¬ 
chinery,  while  a  by-product  oven  plant  costs  $12  000  to  $18  000 
per  oven,  and  the  oven  battery  itself  costs  about  half  of  this, 
it  is  not  to  be  wondered  at  that  the  appearance  of  the  first  cost 
is  discouraging.  But  on  further  consideration  we  find  that  the 
bee  hive  oven  that  we  are  figuring  on  receives  a  charge  of 
perhaps  6  tons  of  coal  every  48  hours,  while  the  up-to-date  by¬ 
product  coke  oven  cokes  its  charge  of  15  tons  in  from  15  to  18 
hours.  With  this  sized  by-product  oven  and  this  coking  time, 
it  has  been  found  that  the  cost  of  construction  of  a  by-product 
oven  is  about  the  same,  or  a  little  less  than  the  cost  of  the  bee 
hive  oven,  figured1  on  the  basis  of  coke  production.  By  this  we 
mean  that  the  cost  of  the  by-product  oven  battery,  including  all 
of  its  machinery,  piping,  etc.,  but  excluding  that  part  of  the 
plant  for  handling  and  recovering  the  by-products,  compares 
favorably  with  the  total  cost  of  a  battery  of  bee  hive  ovens, 
when  figured  per  ton  of  coke  produced.  This  may  be  surprising 
to  many,  but  it  is  one  of  the  results  of  the  recent  rapid  progress 
in  the  industry,  and  it  is  only  possible  with  a  large  oven  coking 
its  charge  in  the  short  time  mentioned.  Thus,  we  are  gratified 
to  be  able  to  say  that  the  first  cost  obstacle  has  been  overcome, 
considering  the  oven  installation  alone. 
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Life  of  By-Product  Ovens:  We  are  frequently  asked  what 
life  we  can  count  on  for  our  ovens,  and  in  general  we  will  say 
that  this  is  a  difficult  question  to  answer.  In  other  words  it  is 
difficult  to  figure  on  the  possibilities  of  the  varying  operating 
conditions.  We  have  batteries  that  have  been  in  operation  10 
years  without  any  oven  wall  repairs.  We  specify  ''oven  walls’’ 
because  aside  from  minor  repairs,  the  walls  receive  the  most 
severe  treatment.  Again,  the  writer  saw  a  plant  in  Englend 
where  it  is  necessary  to  rebuild  the  oven  walls  about  every  two 
years.  This  latter  exceptional  case  is  due  to  the  fact  that  the 
coal  used  is  high  in  alkaline  salts,  which  unite  chemically  with 
the  silica  of  the  wall  brick.  We  have  some  coals  in  this  country 
that  would  result  in  this  same  difficulty,  and  this  is  one  of  the 
characteristics  of  a  coal  which  we  investigate  in  our  preliminary 
laboratory  examination  of  a  coal  sample.  However,  the  most  of 
our  coals  are  low  in  alkaline  salts  and  we  can  figure  on  a 
ieasonably  long  life  for  oven  walls.  The  battery  of  silica  ma¬ 
terial  at  Joliet  has  been  in  operation  now  for  about  Sl/2  years, 
and  to  all  appearances  it  is  good  for  at  least  3J/2  years  more 
without  repairs;  and  in  this  connection  it  may  be  said  that 
this  plant  in  three  years  produced  as  much  coke  as  was  guar¬ 
anteed  and  expected  to  be  made  in  five  years. 

Kind  of  Coal:  Due  to  the  Steel  Corporation’s  experience 
with  low  volatile  coal  at  Joliet,  it  has  come  to  be  generally  be¬ 
lieved  that  the  best  quality  of  blast  furnace  coke  could  only  be 
made  by  using  a  low  volatile  coal,  or  mixture  of  coals.  The 
coal  used  at  Joliet  was  for  a  long  time,  80  percent  Pocahontas 
and  20  percent  Ronco,  making  the  volatile  content  of  the  mix¬ 
ture  about  20  percent.  More  recently  Illinois  coal  was  substi¬ 
tuted  for  the  Ronco,  and  more  recently  still,  they  had  a  months 
run  of  60  percent  Pocahontas  and  40  percent  Klondike.  This 
mixture  had  a  volatile  content  of  about  25  percent,  and  it  is 
interesting  to  note  that  this  coal  mixture  produced  coke  far 
superior  to  that  formerly  made.  The  porosity  was  higher  and 
the  blast  furnace  results  were  decidedly  improved. 

There  is  a  by-product  coke  oven  plant  at  Duluth,  using  in 
the  ovens  %  in.  screenings  from  Pittsburgh  coal.  This  has  a  vola¬ 
tile  content  of  34  or  35  percent,  and  the  coke  gives  very  good 
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results  in  their  blast  furnaces,  the  blast  furnaces  being  rela¬ 
tively  small. 

We  have  in  Germany  a  large  number  of  plants  operating 
with  washed  coal  containing  from  10  to  12  percent  moisture, 
and  from  14  to  16  percent  volatile  matter.  It  is  not  generally 
known  that  coal  of  this  kind  can  be  used  without  having  trouble 
from  expansion  during  coking,  but  we  have  no  such  difficulties, 
and  we  attribute  it  largely  to  the  fact  that  the  coking  processes 
take  place  uniformly  throughout  the  length  of  the  oven  and 
thus  we  have  no  part  of  the  charge  over-coked.  This  over¬ 
coking,  as  stated  above,  would  result  in  excessive  formation  of 
breeze,  which  would  interfere  with  pushing  the  charge. 

The  specific  gravity  of  the  coal  has  an  important  bearing 
on  the  subject.  We  have  several  plants  operating  in  England 
using  very  light  coal  and  the  volatile  content  is  about  30  percent. 
In  order  to  make  metallurgical  coke  from  this  light  coal,  it  is 
necessary  to  compress  the  coal  by  stamping  it  into  a  cake  before 
charging;  while  in  this  country  there  are  a  number  of  plants 
making  good  metallurgical  coke  from  30  percent  volatile  coal 
without  any  such  troublesome  treatment  of  the  coal  before 
charging. 

Another  important  characteristic  of  coals  is  the  oxygen 
content.  A  coal  that  is  high  in  oxygen  requires  a  relatively 
high  temperature  and  longer  time  for  coking,  and  gives  trouble 
through  an  excessive  formation  of  carbon  in  the  oven  and  pipes. 
Also,  the  gas  yield  is  lower  and  the  quality  of  the  gas  is  poorer 
so  that  all  things  considered  it  has  been  found  that  high  oxygen 
in  coal  is  much  more  objectionable  than  high  ash  content. 

Preparation  of  Coal :  This  country  is  as  yet  rich  in  coals 
of  the  first  quality,  requiring  no  washing  to  make  them  suitable 
for  the  manufacture  of  high  grade  coke,  but  there  are,  never¬ 
theless,  a  number  of  coals  relatively  high  in  ash  and  sulphur, 
which  coals  are  decidedly  improved  by  washing,  and  again  there 
are  coals  high  in  ash  and  sulphur,  with  these  objectionable  ele¬ 
ments  in  such  a  condition  that  their  percentage  cannot  be  ma¬ 
terially  lowered  by  washing.  If  coals  are  washed1  they  should 
be  well  drained  so  as  to  bring  the  percentage  of  water  down  to 
seven  or  eight  percent.  This  is  not  essential  but  is  is  desirable. 
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In  many  cases  it  is  unnecessary  to  crush  the  coal  very  fine 
before  washing,  and  in  such  cases  the  draining  of  the  water  is 
facilitated  by  the  size  of  the  coal.  Itl  cases  where  it  is  desirable 
to  mix  two  kinds  of  coal,  it  is  advisable  to  crush  the  coals  very 
fine  in  order  to  get  an  intimate  mixture  of  the  twro  kinds.  This 
crushing  is  usually  done  with  hammer  mill  crushers,  to  a  degree 
of  fineness  of  85  percent  through  an  %  in.  mesh  screen.  Also, 
if  we  are  using  a  coal  containing  small  pieces  of  slate  this  degree 
of  fine  crushing  will  grind  up  the  slate  with  the  coal,  producing 
a  homogeneous  mixture  and  avoiding  cross  fractures  in  the 
coke,  which  otherwise  might  be  caused  by  the  slate.  When  the 
coal  is  to  be  pulverized  we  usually  install  a  Bradford  breaker  to 
break  up  the  lumps  to  about  l1/^  in.  size  and  to  remove  refuse. 
Following  the  Bradford  breaker,  in  some  instances,  we  have 
installed  a  magnetic  separator  to  remove  small  iron  refuse  and 
thus  protect  the  hammer  mill  crusher  following  next  in  series. 
However,  it  is  worthy  of  note  that  the  largest  by-product  oven 
plant  in  the  world,  that  is  the  Gary,  Ind.  plant,  is  preparing  its 
coal  successfully  without  the  use  of  magnetic  separators.  In 
place  of  this  they  have  each  of  the  hammer  mill  crushers  pro¬ 
vided  with  a  pocket,  which  catches  iron  refuse  and  which  can 
be  dumped  at  intervals.  The  mixing  of  coals  is  most  efficiently 
done  after  crushing,  and  usually  a  plant  is  provided  with  two 
mixing  bins  from  which  the  crushed  coal  is  fed  onto  belts,  which 
belts  discharge  into  one  chute,  provided  with  paddle  wheel 
mixers.  The  mixed  coal  is  then  elevated  to  a  storage  bin,  located 
above  and  to  one  end  of  the  oven  battery.  From  this  bin  the 
charging  larry  is  supplied. 

Quenching  and  Preparation  of  Coke :  The  proper  quench¬ 
ing  of  coke  from  by-product  ovens  is  accompanied  with  some 
difficult  features.  The  coke  of  course  is  quenched  outside  of 
the  ovens,  and  it  is  essential  that  the  moisture  content  of  the 
quenched  coke  should  be  very  low.  In  Europe  the  writer  found 
most  of  the  plants  pushing  their  coke  onto  a  wide  level  wharf, 
here  the  coke  was  quenched  with  a  hose  and  wheeled  by  barrows 
into  railroad  cars.  In  some  cases  this  was  improved  by  having 
an  inclined  wharf,  thus  reducing  the  labor  item.  It  may  be 
said  that  this  method  did  not  result  in  low  moisture  coke,  and 
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would1  be,  with  our  high  cost  of  labor,  an  expensive  method  of 
handling.  In  this  country  we  have  had  the  greatest  amount  of 
success  by  using  a  quenching  car.  The  coke  is  pushed  directly 
from  the  ovens  into  a  long  open  car,  preferably  lined  with  cast 
iron.  In  such  cases  the  coke  is  quenched  by  a  large  over-head 
stream,  immediately  after  the  coke  falls  into  the  car.  It  is  ad¬ 
vantageous  to  quench  the  coke  as  soon  as  possible  after  pushing, 
in  order  that  its  heat  may  be  sufficient  to  drive  off  excessive 
moisture,  and  experience  teaches  us  that  if  the  coke  is  quenched 
immediately  after  pushing  it  will  not  retain  an  excessive  amount 
of  moisture,  no  matter  how  large  a  stream  of  water  is  used. 
It  has  been  found,  however,  that  quenching  the  coke  right  at  the 
ovens  is  open  to  objections,  because  of  the  large  amount  of 
steam  produced,  this  steam  having  an  injurious  action  on  the 
oven  steel-work  and  brickwork,  as  well  as  being  disagreeable  to 
the  operators,  so  that  the  tendency  now  is  to  push  the  coke  into 
such  an  open  quenching  car  and  immediately  take  this  car 
away  to  be  quenched  at  a  quenching  station  slightly  removed 
from  the  battery.  In  either  case  it  is  essential  that  the  quench¬ 
ing  stream  be  large  in  volume  and  quickly  and  thoroughly  ap¬ 
plied.  By  this  method  coke  may  be  quenched  so  as  to  have  not 
over  two  to  four  percent  moisture.  It  has  been  recently  suggest¬ 
ed  that  quenching  can  be  still  more  efficiently  accomplished  with 
lower  resulting  moisture,  if  hot  water  is  used,  and  we  may  say 
we  are  experimenting  along  this  line.  The  necessity  for  further 
improvement  in  our  quenching  methods  is  evident,  from  the  fact 
that  one  by-product  coke  oven  plant  has  recently  contracted 
for  a  part  of  its  output  on  a  moisture  specification  of  one 
percent. 

Coke  Handling :  It  has  only  recently  been  demonstrated 
that  it  is  poor  policy  to  use  run-of-oven  coke  in  blast  furnaces. 
Plants  are  now  being  equipped  with  facilities  for  screening,  and 
in  some  cases  for  crushing  and  screening  their  product.  Re¬ 
garding  screens,  various  types  have  been  used,  including  straight 
bar,  shaking  bar  and  revolving  screens.  Of  these,  the  revolving 
screen  is  without  doubt  the  most  efficient.  A  revolving  screen 
not  only  screens  thoroughly  but  also  breaks  off  any  loose  par¬ 
ticles  of  coke  which  would  otherwise  become  fine  coke  in  the 
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blast  furnace  or  cupola.  The  Steel  Corporation's  coke  plant  at 
Joliet  and  their  blast  furnaces  have  demonstrated  to  their  sat¬ 
isfaction  that  it  is  exceedingly  advantageous  to  use  only  thor¬ 
oughly  cleaned  coke,  reduced  in  size  to  two  inch  or  less.  This 
plant  is  not  equipped  with  crushers,  but  the  coke  receives  severe 
dropping  treatment  before  it  is  screened,  and  is  thus  broken  up 
just  as  effectively  as  though  crushers  were  used.  Other  furnace 
plants  around  the  country  have  arrived  at  the  same  conclusion, 
and  are  equipping  themselves  to  reduce  the  size  of  their  product 
for  blast  furnace  purposes.  In  some  cases  coke  is  elevated  for 
this  treatment,  by  means  of  belts,  but  the  heavy  maintenance 
incidental  to  this  method  of  elevation  is  leading  to  the  use  of 
skip  hoists  for  this  purpose. 

Coke  Yield:  One  of  the  great  advantages  of  the  by-product 
oven  over  the  beehive,  is  the  increase  in  coke  yield.  This 
amounts  to  five  to  ten  percent  of  the  coal  carbonized,  and  is 
due  not  only  to  the  fact  that  there  is  no  combustion  of  the  coke 
in  the  by-product  oven,  but  also  the  fact  that  part  of  the  heavy 
volatile  matter  in  the  by-product  oven  is  converted  into  coke. 

By-Product  Apparatus:  The  last  few  years  have  seen  a 
decided  improvement  in  the  apparatus  for  handling  the  by¬ 
products  from  coke  ovens.  Previously  plants  were  more  or  less 
complicated,  and  the  operation  of  the  by-product  plant  required 
so  much  care  and  technical  ability,  and  was  involved  in  so 
much  mystery  as  to  be  a  drawback  to  the  introduction  of  by¬ 
product  oven  plants.  The  men  who  had  been  used  to  running 
bee  hive  ovens  rather  dreaded  the  prospect  of  operating  the 
by-product  end  of  a  by-product  oven  plant,  but  as  stated  above, 
the  last  few  years  has  seen  the  introduction  and  eminently  suc¬ 
cessful  operation  of  our  direct  process  for  handling  and  re¬ 
covering  by-products.  The  simplicity  of  this  process  is  such 
that  when  a  plant  is  started  up  with  inexperienced  men  and 
with  only  one  man  to  give  them  proper  instructions,  the  opera¬ 
tion  is  perfectly  smooth  and  the  best  quality  of  by-products  is 
turned  out  from  the  start. 

Market  for  By-Products:  It  has  been  predicted  that  with 
the  increasing  introduction  of  by-product  ovens,  the  market 
prices  of  tar  and  ammonium  sulphate  would  be  rapidly  lowered. 


320  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

People  have  been  predicting  this  for  the  last  ten  years,  and  yet 
the  fact  is  that  prices  for  these  products  have  been  steadily  in¬ 
creasing.  This  is  explained  by  the  rapid  development  of  the 
market,  due  to  the  increasing  uses  for  these  products.  One  of 
the  recently  developed  fields  for  coke  oven  tar  is  the  use  of  the 
same  in  Diesel  engines,  and  it  may  be  interesting  to  some  to 
know  that  engines  of  this  type,  of  a  capacity  of  5  000  h.  p.  and 
over,  are  in  successful  use  on  tar.  Tar  is  previously  treated 
only  for  the  removal  of  water.  Regarding  the  surplus  gas  it 
has  been  found  that  this  can  be  advantageously  used  wherever 
gaseous  fuel,  either  producer  gas,  blast  furnace  gas,  or  natural 
gas  has  found  application. 

In  this  connection  we  have  recently  introduced  what  is 
known  as  our  “gas  ovens”  and  “combination  ovens”.  The 
combination  oven  has  been  adopted  by  a  number  of  steel  plants 
in  Germany,  the  ovens  being  heated  with  blast  furnace  gas,  and 
all  of  the  gas  from  the  coal  being  used  in  the  various  depart¬ 
ments  of  their  steel  plants.  Among  these  applications  is  its  use 
as  open  hearth  fuel.  Germany  has  made  more  progress  in  this 
direction  than  this  country,  and  has  demonstrated  clearly  that 
coke  oven  gas  is  well  adapted  for  this  purpose.  In  some  cases 
they  use  coke  oven  gas  alone  and  in  others  they  mix  coke  oven 
gas  with  blast  furnace  gas,  both  methods  resulting  in  higher 
furnace  temperatures,  thus  increasing  the  open  hearth  output. 
It  has  been  found  that  after  the  workmen  become  used  to  the  new 
fuel,  the  life  of  the  furnace  is  as  long  with  coke  oven  gas  as 
with  producer  gas. 

Among  the  advantages  given,  are  the  following: 

1.  Higher  furnace  temperatures,  resulting  in  greater  out¬ 
put. 

2.  More  uniform  combustion  resulting  in  greater  fuel 
economy. 

3.  Elimination  of  the  gas  chambers,  resulting  in  cheaper 
furnace  construction. 

4.  Smaller  repair  costs. 

5.  Cheaper  operating  costs. 

An  interesting  recent  contribution  on  this  subject  was 
published  in  Stahl  und  Eisen,  Dec.  7,  1911  and  Dec.  21,  1911, 
and  translated  in  the  Iron  Age,  Feb.  8,  1912. 
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CORRESPONDENCE 

•  • 

Mr.  F.  F.  Marquard:*  I  read  Mr.  Hartman's  able  report 
with  a  great  deal  of  interest.  The  statement  lie  makes  regard¬ 
ing  the  rapid  evolution  of  by-product  coke  oven  construction  is 
not  in  the  least  exaggerated.  Ten  years  ago  when  the  United 
Coke  &  Gas  Co.  built  our  plant  of  212  Otto-Hoffman  ovens  at 
South  Sharon,  our  ovens  were  the  largest  by-product  ovens  built 
up  to  that  time;  42  ft.  long,  liy2  in.  wide,  and  7  ft.  high,  taking 
a  charge  of  9.12  net  tons  of  coal. 

The  ovens  were  operated  with  considerable  difficulty  at 
first,  and1  for  a  time  it  was  feared  the  plant  was  a  failure  be¬ 
cause  of  the  excessive  size  and  difficulty  of  heat  control. 

However,  many  details  have  been  worked  out  which  have 
put  us  on  an  efficient  and  profitable  operating  basis,  and  today 
instead  of  being  too  large  to  be  efficient  competitors  in  the  cor¬ 
poration  coke  making,  we  are  too  small  a  unit.  Joliet  has  ex¬ 
ceeded  us  in  size  of  oven  and  Gary  has  exceeded  Joliet  in  about 
the  same  proportion. 

We  today  are  operating  our  ovens  on  a  mixture  of  65  per¬ 
cent  Klondike  and  35  percent  Pocahontas  coal,  having  an  aver¬ 
age  of  25.5  percent  volatile  matter. 

We  have  steadily  maintained  a  coking  time  of  24  hours, 
but  within  the  past  month  we  have  reduced  the  coking  time  to 
20^  hr.,  with  very  encouraging  results  in  the  action  of  the  coke 
on  the  blast  furnaces.  Our  blast  furnaces,  which  are  operating 
on  all  Sharon  by-product  coke,  responded  immediately  by  increas¬ 
ed  iron  yield  and  smoother  working.  The  coke  is  slightly  larger, 
more  porous  and  tougher. 

The  old  prejudice  which  blast  furnacemen,  accustomed  to 
bee-hive  coke,  have  had  regarding  by-product  coke  is  rapidly 
being  dissipated.  However,  not  until  they  knew  that  there  is  as 
much  difference  in  the  qualities  of  by-product  coke  as  there  are 
differences  in  the  quality  of  the  coals  from  which  the  coke  is  pro¬ 
duced  did  they  begin  to  realize  the  possibilities  of  by-product 
coke. 

♦Superintendent,  Coke  Works  Dept.,  South  Sharon  Steel  Works,  Car¬ 
negie  Steel  Company,  South  Sharon,  Pa. 
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It  is  folly  to  compare  by-product  coke  made  from  an  in 
ferior  coal  with  bee-hive  coke  made  from  the  best  Connellsville 
coal,  but  this  very  thing  they  have  been  doing  time  and  again. 

The  coke  quality  today  is  of  prime  importance.  Thus  the 
by-product  coke  of  today,  where  it  is  made  for  metallurgical 
fuel,  is  far  superior  to  the  by-product  coke  made  ten  years  ago ; 
first:  because  the  coal  for  making  this  coke  has  been  thoroughly 
studied;  second:  the  heating  conditions  are  very  much  higher 
and  uniform. 

The  oxygen  in  coal  has  a  most  deleterious  effect  on  the 
quality  of  coke ;  for  this  reason  coals  which  have  been  subjected 
to  weathering  such  as  coal  carried  on  stock  piles,  even  for  as 
short,  a  period  as  four  or  five  weeks,  have  a  pronounced  effect 
upon  both  the  quality  of  the  gas  and  coke  produced.  The  shorter 
the  interval  of  time  from  the  mines  to  the  ovens,  the  better  the 
coking  results  will  be. 

In  the  reduction  of  our  coking  time  from  24  hours  to  20  y2 
hours  I  have  observed  that  we  got  a  quality  of  coke  which  en¬ 
abled  the  blast  furnaces  to  work  more  rapidly  and  more  smooth¬ 
ly.  However,  it  had  a  tendency  to  increase  the  amount  of  coke 
used  per  ton  of  iron  produced;  (this,  however,  on  so  small  a 
period  of  time  is  not  conclusive  evidence). 

I  also  found  that  our  tar  yield  was  reduced  from  seven 
gallons  per  net  ton  of  coal  to  5%  gals.,  and  we  had  an  increased 
amount  of  naphthalene  to  contend  with  in  the  house. 

Our  ammonia  yield  decreased  from  4.75  lb.  NH3  per  net 
ton  of  coal  to  4.4  lb.  Our  surplus  gas  yield  increased  from 
3000  cu.  ft.  per  net  ton  coal  to  4  600  cu.  ft.  Our  total  gas  was 
about  the  same,  12  000  cu.  ft.  per  net  ton. 

Thus  it  showed  that  it  took  no  more  gas  per  hour  to  heat 
the  ovens  on  a  20y  hour  coking  time  than  it  took  on  a  24  hour 
coking  time.  However,  the  higher  heated  walls  enabled  us  to 
burn  this  quantity  of  gas  more  efficiently  in  the  oven  flues, 
rather  than  allow  same  to  be  carried  down  to  the  regenerator 
below. 

I  believe  our  yields  of  tar,  ammonia  and  gas  will  be  propor¬ 
tionately  affected  as  the  coking  time  is  reduced  still  further,  so 
that  a  time  will  doubtless  be  reached  when  the  heat  necessary  to 
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produce  a  shorter  coking  time  will  effect,  on  the  whole,  a  loss 
rather  than  a  gain  when  all  factors  are  accounted  for. 

The  result  of  our  practice  shows  that  we  get  a  yield  of  76 
percent  dry  furnace  coke  and  three  percent  dry  breeze  from 
a  coal  mixture  having  25.5  percent  volatile  matter,  which  shows 
that  4.5  percent  of  the  volatile  matter  driven  off  in  the  labora¬ 
tory  test  is  converted  into  coke  in  the  by-product  oven,  while 
on  the  other  hand  in  the  bee  hive  ovens  the  coke  yield  is  three 
to  six  percent  less  than  the  results  as  shown  by  laboratory  analy¬ 
sis  of  the  coals  carbonized;  which  makes  a  saving  in  the  coke 
yield  from  by-product  ovens  of  from  seven  to  ten  percent  more 
than  the  coke  yield  from  bee  hive  ovens  coking  from  the  same 
coal. 

Dr.  R.  Moldenke:*  Mr.  Hartman’s  paper  on  by-product 
coke  ovens  is  a  very  interesting  one,  and  it  is  to  be  hoped  may 
assist  in  checking  the  enormous  waste  now  going  on  by  coking 
in  the  bee  hive  ovens.  The  paper  is  naturally  written  with  an 
idea  of  emphasizing  the  possibilities  of  commercial  economy. 
Hence  it  appeals  more  particularly  to  the  blast  furnace  man. 
The  foundryman  will  take  exception  to  some  of  the  statements. 
“Shortening  the  coking  time  increases  the  porosity  of  the  coke’’ 
is  undoubtedly  correct,  “without  decreasing  its  crushing 
strength”  is  open  for  discussion,  as  quite  the  opposite  has  been 
observed  on  occasion.  Increasing  the  porosity  of  the  coke  is 
what  the  furnaceman  wants,  as  he  wishes  to  make  all  the  gas  he 
can  (carbonic  oxide).  The  foundryman  on  the  other  hand, 
wants  to  get  a  coke  with  a  minimum  of  cell-space,  as  he  wishes 
to  produce  complete  combustion  and  keep  it  that  way  (carbon 
di-oxide,  with  the  consequent  very  much  higher  temperatures). 
Hence  the  foundry  trade,  with  an  annual  consumption  of  pos¬ 
sibly  a  million  and  a  quarter  tons  of  coke,  will  not  welcome  a 
reduction  in  the  coking  time  either  in  the  by-product  or  the 
bee  hive  oven. 

Mr.  Hartman  is  perfectly  right  in  attributing  this  possi¬ 
bility  of  getting  a  greater  percentage  of  cell  structure  to  the 
higher  temperatures  now  attainable  in  by-product  ovens,  (of 
other  makes  as  well  as  his  own).  The  same  condition  is  ob- 

*Secretary,  American  Foundrymens’  Association.  Watchungr,  X.  J. 
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served  in  the  bee  hive  oven,  where  the  admission  of  more  or  less 
draft  through  the  door  hastens  or  retards  the  cell-making  of  the 
coke  produced.  It  is  a  well  known  fact  that  the  cell  structure 
of  a  coke  is  attained  in  the  first  24  hours  in  the  bee  hive  oven. 

Mr.  Hartman  is  in  error  when  he  states  it  as  generally  be¬ 
lieved  that  the  Steel  Corporation’s  experience  with  low  volatile 
coals  indicated  that  the  best  cokes  were  made  that  way.  Quite 
the  contrary,  for  it  was  generally  believed  that  much  of  the 
trouble  known  to  exist  at  the  Joliet  plant  was  due  to  the  com¬ 
paratively  low  volatile  coals  used.  Mr.  Hartman  admits  this 
practically,  in  stating  that  better  results  were  obtained  with  the 
volatile  at  25  percent. 

As  a  matter  of  fact  every  by-product  plant  has  its  own 
experience  and  consequent  standard  for  volatile.  One  plant  I 
know  of  holds  to  29  percent,  while  another  wants  25  percent, 
and1  still  another  30  percent.  One  great  advantage  of  the  by¬ 
product  system,  due  to  the  localities  so  far  selected  for  business 
reasons,  is  the  ability  to  mix  the  coals.  In  this  way  ideal  coke 
conditions  are  obtainable,  as  a  variety  of  coal  markets  can 
usually  be  drawn  upon.  At  the  bee  hive  plants,  this  is  impos¬ 
sible.  They  serve  only  the  coal  mines  of  the  region.  Mr.  Hart¬ 
man’s  paper  is  replete  with  interesting  data,  and  particularly 
his  comparison  of  cost  per  oven  when  taken  ton  for  ton  as  be¬ 
tween  by-product  and  bee  hive ;  these  costs  being  identical, 
should  help  persuade  those  wdio  contemplate  adding  to  their 
coke  oven  capacity  to  stop  a  great  waste  of  fuel  value. 

Mr.  J.  L.  Haehnlen  :*  At  the  present  stage  of  the  in¬ 
dustry,  there  are,  in  my  opinion,  two  phases  of  the  question, 
which  call  for  more  thorough  and  conscientious  investigation 
than  has  yet  been  attempted. 

First,  we  must  get  more  exact  knowledge  of  the  thermal 
conditions  existing  in  the  coking  mass  itself,  at  all  points,  during 
the  complete  cycle  of  coking.  Some  tests  have  been  made  along 
this  line  but  they  are  very  incomplete.  Then,  secondly,  we  need 
further  investigation  of  the  physical  properties  of  the  refrac- 

*Superintendent,  By-Product  Coke  Oven  Dept.,  Woodward  Iron  Com¬ 
pany,  Woodward,  Ala. 
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tory  materials  entering  into  the  construction  of  oven  walls,  etc. 
Splendid  work  has  been  done  along  this  line  by  Wologdine, 
Dewey, .  Clements,  Egy,  Ray,  Kreisinger  and  several  others, 
some  of  whose  reports  have  not  been  published,  but  more  work 
remains  to  be  done,  especially  with  the  materials  with  which 
we  have  to  work.  We  do  not  know  all  we  should  about  the 
flow'  of  heat  through  oven  walls,  and  upon  these  twro  phases,  so 
closely  allied,  depends  the  further  reduction  of  coking  time  as 
touched  upon  by  Mr.  Hartman. 

Considering  the  industry  as  a  whole,  in  the  broadest  light 
and  from  the  view  point  of  the  iron  manufacturer,  who  nat¬ 
urally  compares  the  cost  of  installation  of  the  plant  with  the 
value  of  the  product,  as  for  example  in  the  case  of  the  blast 
furnace,  the.  first  cost  of  the  by-product  oven  is  excessively  high. 
It  is  therefore  to  be  hoped  that  in  the  not  far  distant  future  a 
simple  type  of  oven,  not  necessarily  along  the  present  lines, 
but  of  greater  productive  capacity  and  less  cost  will  be  brought 
forward. 

Mr.  W.  0.  White  :f  Concerning  the  return  on  the  invest¬ 
ment  required  for  an  up-to-date  by-product  coke  plant  erected 
in  connection  with  a  large  steel  plant  there  is  of  course  no  ques¬ 
tion.  Viewing  the  situation  from  the  standpoint  of  the  indi¬ 
vidual  or  corporation  which  intends  to  operate  a  large  tract 
of  coking  coal  as  a  coke  operation  pure  and  simple,  then  the 
question  which  presents  itself  to  me  is  this:  Will  the  return  oh 
the  investment  warrant  by-product  coke  oven  construction  ? 

My  opinion  is  that  the  smoke  which  now  goes  to  waste  and 
denudes  the  country  surrounding  our  coke  regions  of  vegeta¬ 
tion  can  be  more  profitably  used  in  a  regenerative  type  of  coke 
oven  than  in  a  by-product  oven.  A  plant  constructed  along 
this  line  would  be  one  in  which  the  coking  period  would  be 
greatly  shortened  while  also  there  would  be  a  very  considerable 
excess  of  heat  which  can  in  many  localities  be  converted  into 
electrical  powTer  at  a  comparatively  small  additional  cost  of 
investment. 


tCivil  and  Mining-  Engineer,  Uniontown,  Pa. 
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Mr.  E.  W.  Parker:*  Mr.  Hartman’s  contribution  to  the 
literature  of  by-product  coke  ovens  and  by-product  practice  is 
interesting  and  valuable.  As  a  general  proposition  the  doctrine 
he  subscribes  is  one  which  I  have  been  pyeaching  for  the  last 
fifteen  years,  adding  my  feeble  efforts  to  those  of  the  late  Joseph 
1).  Weeks,  who  was  really  a  pioneer  in  the  dissemination  of  this 
sort  of  gospel. 

As  Mr.  Hartman  justly  states,  the  development  of  the  by¬ 
product  or  retort  method  of  coke  making  in  the  United  States 
has  been  retarded,  first  by  the  high  cost  of  installation  and 
second1  by  the  apprehension  on  the  part  of  the  by-product  oven 
people  themselves  that  the  markets  for  the  by-products,  with  the 
exception  of  gas,  would  be  demoralized.  This  was  principally 
feared  in  regard  to  tar.  There  was  at  that  time,  say  15  to  20 
years  ago,  no  briquetting  industry  in  the  United  States  and 
hardly  any  thought  of  one  as  such,  although  some  sporadic  at¬ 
tempts  had  been  made  to  establish  plants  for  the  briquetting 
of  anthracite  dust.  There  was  no  demand  for  creosoting  oils, 
and  we  were  so  sure  of  our  inexhaustible  supply  of  timber  suit¬ 
able  for  ties  and  for  bridge  material  that  no  thought  was  given 
to  its  preservation  by  the  use  of  creosote.  There  was  no  chemical 
industry  dependent  upon  coal  tar  as  a  raw  material  and  the 
latter  is  still  sadly  wanting,  the  United  States  being  far  behind 
Germany  in  the  utilization  of  coal  tar  products.  The  others 
are  coming  up. 

There  is  now  a  large  and  growing  demand  for  creosoting 
oils,  the  principal  complaint  being  that  the  distillers  of  coal 
tar  are  not  alive  to  the  exact  requirements  of  the  creosote  users 
and  do  not  exercise  the  care  necessary  to  produce  the  grade  of 
creosoting  oil  required.  There  is  also  an  exactness  which  should 
be  maintained  in  regard  to  the  production  of  the  coal  tar  pitch 
required  by  the  briquetting  people.  The  principal  demand 
heretofore  in  this  country  has  been  for  roofing  papers  and  ma¬ 
terial  of  this  kind,  and  that  has  been  the  market  to  which  the 
coal  tar  distillers  have  catered. 

I  am  glad  to  note  what  Mr.  Hartman  states  in  regard  to  the 
increasing  demand  and  price  for  the  by-products.  This  is  also 

*Statistieian,  U.  S.  Geological  Survey,  Washington,  D.  C. 


HARTMAN — BY-PRODUCT  COKE  OVENS  327 

somewhat  in  line  with  the  prediction  I  made  some  years  ago 
which  was  to  the  effect  that  with  an  ample  supply  of  raw  ma¬ 
terials  in  sight  the  industries  dependent  upon  them  would  de¬ 
velop  and  the  demand  increase. 

The  prejudice  against  by-product  coke,  which  was  much  in 
evidence  12  or  15  years  ago,  is  disappearing.  Iron  masters 
accustomed  to  the  beautiful  silver  luster  of  Connellsville  coke 
concluded  that  any  other  coke  not  having  such  luster  was  of 
inferior  quality,  and  it  was  immediately  condemned.  There  was 
no  thought  of  making  a  change  in  the  blast  furnace  charge  or 
other  conditions  to  meet  the  new  field,  and  if  the  by-product 
coke  did  not  behave  exactly  the  same  way  in  the  furnace  as 
Connellsville  coke  the  wisdom  of  the  condemnation  was  proved. 
The  best  answer  to  this  proposition  is  to  cite  the  record  at 
Johnstown.  The  first  plant  of  Otto-IIoffman  ovens  was  erected 
by  the  then  Cambria  Iron  Company  in  November,  1895.  This 
was  of  60  ovens,  and  the  second  installation  of  100  ovens  was 
completed  in  March,  1899 ;  the  third,  also  of  100  ovens,  was 
completed  in  September,  1904,  and  the  fourth,  of  112  ovens, 
was  completed  in  1907.  An  organization  controlled  by  such 
men  as  those  of  the  Cambria  Steel  Company  would  not  have 
made  these  different  installations  if  by-product  coke  had  not 
been  found  satisfactory  in  its  own  furnaces  and  if  the  opera¬ 
tions  had  not  been  profitable,  cost  of  installation,  maintenance, 
and  everything  else  considered. 

The  first  plant  of  Semet-Solvay  ovens,  at  Syracuse,  N.  Y., 
which  was  the  first  hank  of  by-product  ovens  to  he  constructed 
in  the  United  States,  has  been  twice  enlarged.  Another  in¬ 
stance  I  might  cite  is  the  installation  of  Koppers  ovens  at  Las 
Esperanzas,  Mexico.  These  are  waste-heating  and  not  by-pro¬ 
duct  recovery  ovens,  but  with  the  exception  of  the  by-product 
recover}^  the  principle  is  the  same.  The  company  secures  from 
50  ovens  practically  all  the  tar  necessary  for  the  operation  of  its 
plant.  It  has  increased  its  yield  of  coal  and  coke  from  15  to  16 
percent,  and  “48-hour”  coke  is  made  in  from  18  to  20  hours. 
A  better  price  is  obtained  for  the  retort  oven  coke  than  was  ob¬ 
tained  for  the  bee  hive  product  formerly  made. 

The  increase  in  size  of  batteries  cited  by  Mr.  Hartman  is 
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interesting  and  records  another  instance  of  the  tendency  in 
modern  industrial  enterprises  to  large  units.  The  time  for  the 
small,  independent  individual  operator  is  past. 

I  wish  Mr.  Hartman  had  been  a  little  more  definite  in  his 
statement  regarding  the  “kinds  of  coal”  used.  There  is  some 
uncertainty  as  to  what  is  meant  by  “Ronco.”  I  confess  my 
ignorance  on  the  matter,  and  I  should  also  be  glad  to  know  from 
what  State,  county,  or  district  this  coal  comes.  The  same  as  to 
“Klondike”  coal.  I  imagine  this  refers  to  coal  which  we  have 
come  to  know  as  Lower  Connellsville  coal  of  Pennsylvania. 

There  are  two  or  three  other  questions  which  I  should  like 
to  have  Mr.  Hartman  answer: 

1.  "Whether  or  not  he  has  found  any  difference  in  the  out¬ 
put  of  the  ovens  if  charged  with  practically  dry  coal  or  with 
coal  from  the  washers,  from  which  the  moisture  has  been  only 
drained  off  and  the  charge  not  entirely  dried.  I  understand 
that  Prof.  Parr,  of  the  University  of  Illinois,  has  made  some 
interesting  experiments  with  the  use  of  steam  in  the  coking 
of  Illinois  coal,  and  I  should  like  to  know  if  in  the  use  of  par¬ 
tially  wet  coal  in  the  ovens  any  difference  is  observed  com¬ 
pared  with  dry. 

2.  Mr.  Hartman  speaks  of  the  desirability  of  fine  crushing 
of  mixed  coal.  Is  it  not  true  that  in  most  cases  a  more  uniform 
result  is  obtained  if  the  coal  is  crushed  very  fine  bofore  being 
charged  into  the  ovens,  whether  the  coal  should  be  one  kind 
or  mixed? 

3.  In  speaking  of  the  use  of  blast  furnace  gas  in  the 
heating  of  the  ovens:  Has  it  been  found  that  the  blast  furnace 
gas  will  give  as  high  and  uniform  heat  in  oven  flues  as  the 
oven  gas? 

DISCUSSION 

Mr.  J.  R.  Campbell  I  have  followed  the  paper  of  Mr. 
Hartman  closely  and  the  remarks  therein  agree  with  my  own 
impressions  in  the  by-product  game.  He  pays  quite  a  compli¬ 
ment  to  the  Coke  Committee  of  the  U.  S.  Steel  Corporation, 
headed  by  Messrs.  Meissner  and  Forbes,  which,  in  my  opinion, 

♦Chief  Chemist,  H.  C.  Frick  Coke  Company,  Scottdale,  Pa. 
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is  well  deserved.  This  body  of  men  decided  wisely  in  general 
in  adopting  the  by-product  process  and,  in  particular,  the  H. 
Koppers  direct  process  for  recovery  of  NHZ. 

Not  long  since  I  met  Mr.  Koppers  on  the  “greatest  by¬ 
product  plant  in  the  world”,  in  his  own  words,  and  heard  him 
discuss  in  his  mild  and  dispassionate  manner  several  problems 
of  the  industry.  It  is  needless  to  say  I  refer  to  the  Gary,  Ind. 
plant  of  the  Illinois  Steel  Company. 

It  shall  be  my  province  this  evening  to  discuss  only  the 
chemical  aspects  of  the  problem,  and  I  shall  confine  myself 
strictly  to  the  NH3  yield  and  its  various  aspects.  Also,  I  shall 
be  free  in  quoting  the  various  data  of  both  our  own  and  other 
corporations  where  pertinent. 


TABLE  NO.  1 


Coal,  1.3  percent  nitrogen  figured  to  sulphate. 

Ammonia  yield,  actual  sulphate . 

Nitrogen  left  in  coke,  as  sulphate . 

Nitrogen  left  in  10  000  cu.  ft.  gas  as  sulphate 
Nitrogen  in  tar  (90  lb.  per  ton)  as  sulphate... 

Nitrogen  in  pyridine  . 

Nitrogen  in  cyanides  . 


Lb.  (NH4),S04 
per  ton  coal. 

. 122.6 

.  25.0 

.  78.2 

.  12.0 
.  3.5 

0.3 

0.4  119.4 


Unaccounted  for 


3.2 


TABLE  NO.  2 

Percent 


Recovered  as  ammonia  .  20.3 

Remaining  in  the  coke  .  63.7 

As  elementary  nitrogen  in  gas  .  ’8.1 

In  tar  .  2.9 

As  pyridine  . 0.25 

As  cyanide  .  0.3 


Tables  No.  1  and  No.  2  are  taken  verbatim  from  article  of 
Mr.  J.  D.  Pennock,  Chief  Chemist  of  the  Semet  Solvay  Plants, 
in  the  March  issue  of  the  Journal  of  Industrial  and  Engineering 
Chemistry.  This  article  is  very  illuminating  on  some  of  the 
commercial  aspects  of  the  by-product  industry  and  is  well 
worth  the  time  it  takes  to  read  it.  It  will  be  noted  that  the 
total  recovery  of  ammonia  as  sulphate  is  only  about  20  percent. 
Even  at  its  best  the  present  practice  shows  considerable  losses 
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in  nitrogen.  We  are  advised  that  it  is  possible  to  recover  75  to 
80  percent  of  the  nitrogen  as  NH3  in  producer  gas  plants  where 
the  total  destruction  of  the  coal  is  effected. 

Apparently,  there  is  also  some  discrepancy  between  the 
laboratory  recovery  of  NH3  from  destructive  distillation  tests 
and  the  practical  yield,  which  has  been  accounted  for  by  several 
hypotheses  which  we  will  take  up  and  discuss  later. 

At  this  point,  it  may  be  interesting  for  some  to  know  how 
the  laboratory  results  on  destructive  distillation  are  reported. 
The  following  is  a  standard  form  and  the  results  are  on  a  higlr 
volatile  coal  with  high  sulphate  yield. 


TABLE  NO.  3. 


Sulphur:  Percentages 

(a)  In  coal  . 2.05 

(b)  In  coke  . 1.53 

(c)  In  gas  . 0.760 

PHOS . 0.004 

ASH  . 7.600 

Crucible  Yield: 

(a)  Muck  method  . 65.000 

(b)  Tube  method  . 71.444 

Composition  of  Volatile  Matter: 

(a)  Tar  . 3.544 

(b)  Free  NH3  . 0.332 

(c)  Combined  NH3  . 0.112 

(d)  H20  from  O  &  H  in  coal . 7.229 

(e)  CO,  . 2.099 

(f)  H,S  . 0.808 

(g)  C6H6  . 1.254 

(h)  Gas  by  weight . 13.178 

Volatile  Matter: 

(a)  European  Method  . 28.556 

(b)  Amei’ican  Method  . 38.230 

Fixed  Carbon: 

American  Method  . 54.17 

Cu.  ft.  gas  per  net  ton  of  coal: 

(a)  O  deg.  C.  and  30  in.  mercury . 9760 

(b)  15  deg.  C.  and  30  in.  mercury . 10370 

(c)  15  deg.  C.  and  30  in.  mercury 

Inc.  C02  &  H2S . 11010 

Composition  of  gas:  Percentages 

(a)  N2  .  4.70 

(b)  H,  . 53.60 

(c)  CH4  . 27.40 

(d)  Ill .  3.30 

(e)  CO  .  11,00 
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Sp.  gr.  of  gas:  0.34 

Calorific  Value  of  Gas: 

(a)  B.  t.  u.  per  cu.  ft.  of  gas  Min . 5  16 

Max . 5  S3 

(b)  B.  t.  u.  of  gas  per  lb.  of  coal,  Min . 2517 

Max . 2843 

(NH4)  ,S04  Percentages 

(a)  Free  .  1-33 

(b)  Combined  .  0.45 

(c)  Total  .  1.7S 

Practical  Yield: 

(a)  Coke  . 69.90 

(b)  Tar  .  3.70 

(c)  Sulphate  .  1.67 

Equ  ivalents  per  net  ton  of  coal: 

(a)  lbs.  of  (NH4),S04  .  33.4 

(b)  lbs.  of  Benzol  .  25.1 

(c)  Gallons  of  tar  .  7.4 


Some  comments  may  not  be  out  of  order  on  the  different 
forms  of  NHo  and  its  recovery  by  the  Koppers  direct  process. 
It  will  be  noted  that  the  NH3  is  both  fixed  and  free.  Our  ex¬ 
perience  on  the  ordinary  mixture  for  the  coking  charge  is  that 
about  80  percent  of  the  NH3  is  free  and  20  percent  combined. 
From  a  practical  standpoint  the  free  NH3  is  that  which  remains 
in  a  gaseous  form  and  is  passed  directly  into  the  sulphuric  acid 
saturators  for  absorption,  and  the  fixed  NH3  is  that  which  is 
found  in  the  condensed  form,  or  what  is  called  the  weak  liquor. 
The  free  NH3  is  in  the  form  of  ammonium  carbonate,  ammonium 
sulphate  and  free  NH3 ,  and  the  fixed  NH 3  is  in  the  form  of  am¬ 
monium  sulphate,  ammonium  chloride  and  ammonium  sulpho- 
cyanide.  It  is  upon  this  principle  that  Koppers  has  devised  his 
direct  process  for  the  plants  of  the  U.  S.  Steel  Corporation. 
By  this  arrangement  it  will  be  seen  that  only  a  small  part  of  the 
NH 3  has  to  be  distilled  with  lime  in  the  regular  way.  We  be¬ 
lieve  that  the  technical  distinction  between  the  free  and  fixed 
NH 3  is  that  the  one  is  distilled  over  with  steam  without  the  use 
of  lime  and  similar  compounds  added  for  its  liberation. 

In  other  direct  processes  we  believe  an  effort  has  been  made 
to  pass  the  gases  only  slightly  condensed  directly  into  the  sul¬ 
phuric  acid  saturators.  This  probably  is  the  ideal  direct  pro¬ 
cess  if  it  could  be  worked  out  in  practice  since  the  stills  could 
be  dispensed  with  altogether.  There  are  some  objections  to  this 
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process  as  pointed  out  by  Koppers  himself  and  others,  chief  of 
which  is  the  formation  of  HCl  in  the  bath  from  the  action  of 
sulphuric  acid  on  NH4Cl,  which  acts  deleteriously  upon  the  iron 
piping,  blowers,  etc. ;  and  Koppers  points  out  that  the  undecom¬ 
posed  NH4Cl  remaining  in  the  ammonium  sulphate  may  later 
act  upon  the  phosphates  in  making  fertilizers,  causing  the  for¬ 
mation  of  H Cl  which  attacks  the  sacks  in  which  the  sulphate 
is  shipped.  We  also  understand  that  the  presence  of  ammonium 
sulpho-cyanide  in  the  ammonium  sulphate  acts  deleteriously 
upon  vegetation  when  the  sulphate  is  used  for  the  manufacture 
of  fertilizers. 

We  have  here  outlined  briefly  the  process  of  recovering 
the  ammonia  in  the  Koppers  direct  process:  The  gas  from  the 
ovens  is  delivered  to  the  by-product  building  and  passed  through 
the  primary  water  tube  coolers;  here  it  is  cooled  down  to  ap¬ 
proximately  25  deg.  cent.  This  cooling  process  condenses  most 
of  the  tar  vapors,  together  with  such  water  vapor  as  is  driven 
off  from  the  coal  as  charged  to  the  ovens. 

The  gas  is  then  passed  through  the  gas  exhausters  to  the 
secondary  tar  scrubbers ;  then  through  the  reheater  in  which  the 
temperature  of  the  gas  is  raised  to  about  60  deg.  cent.  The  gas 
is  then  passed  through  a  sulphuric  acid  bath  in  the  saturators 
in  which  the  reaction  takes  place  between  the  ammonia  and  sul¬ 
phuric  acid,  recovering  the  ammonia  as  ammonium  sulphate. 
The  gas  is  then  passed  out  of  the  saturators  to  the  fuel  gas 
holders  and  delivered  from  them  directly  to  the  ovens  or  mills 
for  heating  purposes. 

The  tar  and  water  condensed  out  of  the  gas  in  the  primary 
coolers  is  passed  to  separating  tanks  where  the  tar  and  water 
in  the  form  of  weak  ammonia  liquor  is  separated  by  the  differ¬ 
ence  in  their  specific  gravities.  The  weak  liquor  containing 
most  of  the  fixed  ammonia  is  then  pumped  to  the  stills  and  the 
ammonia  vapor  driven  off  and  condensed  to  strong  ammoniacal 
liquor  when  it  is  desired  to  manufacture  this  product.  How¬ 
ever,  should  it  be  desired  to  recover  all  of  the  NHS  as  ammonium 
sulphate,  the  ammonia  vapor  from  the  stills  is  returned  to  the 
gas  ahead  of  the  primary  coolers  and  carried  with  it  into  the 
sulphate  saturators.  It  is  understood  that  lime  is  added  in  the 
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stills  for  the  liberation  of  the  fixed  ammonia  compounds.  The 
sulphate  is  recovered  and  dried  in  the  usual  way,  i.  e.,  by  the 
use  of  centrifuges. 

CATALYTIC  EFFECT  OF  IRON,  IRON  COMPOUNDS  AND  CALCIUM 
COMPOUNDS  ON  THE  NH 3  YIELD 

TABLE  NO.  4. 

(NH4)..S04  per  net  ton 

Standard  Sample  . 22.4  lb. 

Standard  Sample  with  10  percent  Fe  drillings. .  16.0  lb. 

Standard  Sample  with  10  percent  Flue  Dust. ..  .11.8  lb. 

Standard  Sample  with  10  percent  FeS2  . 22.6  1b. 

Standard  Sample  with  10  percent  FeS  . 20.8  lb. 

TABLE  NO.  5. 

Percent  increase  in  (NH4),S04 

Test  No.  1.  Standard  Sample  with  2  percent  CaO . 10  to  15 

Test  No.  2.  Standard  Sample  with  12^  percent  CaCOa . 12.5 

Test  No.  3.  Standard  Sample  with  3  percent  CaCl2 . 11.4 

The  above  tables  show  the  catalytic  effect  of  certain  com¬ 
pounds  on  the  NHZ  yield.  That  on  the  effect  of  iron  and  iron 
compounds  is  still  the  subject  of  investigation  in  our  research 
laboratory,  though  there  apparently  is  not  much  question  but 
what  iron  and  its  oxides  exert  quite  an  adverse  effect  on  the 
NH3  yield.  It  will  be  noted  that  exposing  hot  gases  to  metallic 
iron  reduces  the  ammonia  yield  about  2 Sy2  percent,  to  iron 
oxide,  about  47  percent  and  to  FeS,  about  eight  percent.  This 
is  supposed  to  be  brought  about  by  the  catalytic  action  of  iron 
and  its  compounds  at  about  870  deg.  cent.,  at  which  the  NH:i 
is  dissociated  into  its  elements. 

On  the  other  hand,  we  find  that  calcium  compounds  exert 
a  catalytic  effect  quite  to  the  contrary  of  iron  compounds,  hav¬ 
ing  a  tendency  to  unite  H  and  N  into  NH 3.  Lime  itself  will 
increase  the  ammonia  yield  as  shown  by  table  No.  5,  but  the 
objection  to  it  is  that  it  absorbs  some  of  the  otherwise  volatile 
sulphur  in  the  coal  thus  causing  a  high  sulphur  coke,  which  is 
not  permissible  for  blast  furnace  purposes.  If  enough  lime  is 
used  all  of  the  sulphur  found  in  the  coal  will  be  retained  in  the 
coke.  The  objection  to  lime  is  in  a  measure  offset  by  the  use 
of  limestone,  since  the  volatile  sulphur  for  the  most  part,  is 
driven  off  at  or  before  the  decomposition  of  the  limestone  takes 
place. 


Test  No.  1. 
Test  No.  2 
Test  No.  3. 
Test  No.  4. 
Test  No.  5. 
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By  the  use  of  lime  and  limestone  the  combined  ammonia 
is  pretty  well  destroyed,  as  it  is  natural  to  suppose,  tests  show¬ 
ing  a  reduction  of  60  percent  in  the  combined  ammonia.  The 
lime  apparently  does  the  same  work  in  the  mixture  of  coal  as  it 
does  in  the  stills. 

The  increase  in  the  ammonia  yield  by  the  use  of  calcium 
chloride  is  accompanied  by  phenomena  not  found  in  the  other  ex¬ 
periments.  The  free  and  combined  ammonia  practically  change 
places,  i.  e.,  there  is  only  20  percent  free  ammonia  and  80  per¬ 
cent  combined  ammonia.  Thus  not  only  does  the  calcium  chlo¬ 
ride  have  a  catalytic  effect  but  it  also  converts  the  free  ammonia 
to  ammonium  chloride,  the  handling  of  which  interjects  some 
new  problems  into  its  recovery  as  ammonium  sulphate,  which 
will  not  be  discussed  here. 

The  object  of  emphasizing  the  catalytic  effect  of  iron  on  the 
ammonia  yield  causing  in  every  instance  a  decrease,  in  our  opin¬ 
ion,  is  it  may  account  for  the  low  practical  yield  of  ammonia 
compared  with  the  regular  tube  test  in  the  laboratory  on  de¬ 
structive  distillation.  It  is  readily  seen  that  this  could  be 
brought  about  on  account  of  so  much  iron  piping  around  by¬ 
product  coke  ovens  to  which  the  hot  gases  are  exposed.  The 
present  ammonia  yield  obviously  can  be  increased  by  the  use  of 
chemicals  in  the  coking  charge,  as  lime  compounds  before  noted, 
which  have  a  tendency  to  combine  the  elemental  H  and  N  into 
NH3  instead  of  dissociating  it.  Also,  it  is  pointed  out  at  this 
time  that  the  construction  of  future  by-product  plants  may  be 
modified  in  such  a  manner  that  the  iron  piping  will  not  have 
such  a  catalytic  effect.  All  these  phenomena  are  now  being  in¬ 
vestigated  carefully  by  the  U.  S.  Steel  Corporation  and  if  it  is 
found  that  there  is  any  weight  to  the  hypotheses  advanced,  you 
may  be  sure  we  will  take  advantage  thereof  and  make  the  de¬ 
sired  improvements  in  the  practice  and  changes  in  the  equip¬ 
ments. 

Dr.  F.  Schniewind  :*  Mr.  Hartman  states  that  the  pro¬ 
gressive  action  of  the  United  States  Steel  Corporation  marks 

♦President,  The  United  Coke  &  Gas  Company,  17  Battery  Place,  New 
York. 

Read  by  Edwin  A.  Moore,  Camden,  N.  J. 
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the  beginning  of  the  real  growth  of  the  by-product  coke  oven 
business  in  this  country  and  that  the  Steel  Corporation’s  coke 
committee  adopted  the  Koppers  ovens  after  an  investigation  of 
the  different  types  of  by-product  coke  ovens  in  Europe. 

This  is  not  correct  as  the  coke  committee  of  the  Steel  Cor¬ 
poration  made  a  thorough  study  of  only  one  type  of  oven,  and 
did  not  investigate  the  modern  examples  of  other  types  of 
ovens  at  all;  therefore,  their  conclusion  can  hardly  be  con¬ 
clusive. 

Nevertheless,  the  Steel  Corporation’s  coke  committee  rend¬ 
ered  a  great  service  to  the  by-product  coke  oven  industry  by 
erecting  for  the  first  time  a  by-product  coke  oven  plant  without 
regard  to  expense.  The  great  difference  in  cost  between  bee¬ 
hive  ovens  and  by-product  ovens  has  been  the  great  handicap 
against  the  introduction  of  by-product  coke  ovens  in  this  coun¬ 
try.  Everybody  was  afraid  of  such  large  investment  until  the 
Steel  Corporation  proved  that  if  anything  the  money  spent  on 
these  ovens  up  to  the  time  of  the  erection  of  the  Joliet  plant 
was  too  small. 

The  credit  for  the  initiative  and  progressive  foresight  look¬ 
ing  to  the  vast  economies  and  possibilities  in  connection  with 
by-product  coke  ovens  belongs  to  the  officials  of  the  Cambria 
Steel  Company  of  about  fifteen  years  ago — Messrs.  Powell  Stack- 
house,  C.  S.  Price  and  Joseph  Morgan. 

Mr.  Hartman  suggests  that  the  quality  of  coke  from  by¬ 
product  coke  ovens  erected  in  this  country  was  not  altogether 
satisfactory.  This  is  misleading  as  at  the  time  by-product  coke 
ovens,  were  first  introduced  into  this  country  there  existed 
prejudices  in  regard  to  the  quality  of  coke  on  the  part  of  the 
blast  furnace  men.  The  ideas  of  blast  furnace  superintendents 
in  regard  to  the  quality  of  coke  required  have  undergone  ma¬ 
terial  changes  however  and  I  only  point  out  here  what  Mr.  Hart¬ 
man  also  states,  that  the  coke  is  now  being  broken  before  it  is 
charged  into  the  furnace.  I  wonder  what  a  blast  furnace  man 
would  have  said  in  the  year  1895  when  the  first  by-product  coke 
oven  plant  for  blast  furnace  use  was  built  at  the  Cambria  Steel 
Companj^’s  works  if  the  suggestion  had  been  made  to  him  that 
he  should  use  only  broken  coke  of  egg  size.  He  would  never 
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have  allowed  this  material  to  be  charged  into  his  furnace.  It 
is,  however,  a  well-known  fact  that  coke  from  the  ovens  de¬ 
scribed  by  Mr.  Hartman  breaks  up  in  unduly  small  sizes,  for 
which  the  heating  conditions  of  these  ovens  are  responsible. 
It  was  therefore  necessary  to  screen  and  size  this  coke.  This 
necessity,  according  to  the  author,  becomes  at  once  a  virtue.  I 
want  to  be  understood  that  I  do  not  wish  to  decide  here  the 
question  whether  large  or  small  coke  is  best  for  a  blast  furnace ; 
that  the  blast  furnace  operator  must  decide  for  himself.  I  only 
desire  to  point  out  that  in  these  ovens  the  percentage  of  coke 
of  small  size  is  larger  than  in  other  types  of  ovens  and  that  all 
types  of  ovens  can  prepare  coke  of  uniform  size. 

It  was  proved  out  long  ago  that  the  high  volatile  coals 
which  made  an  excellent  coke  in  American  bee-hive  ovens  would 
not  produce  a  coke  in  by-product  coke  ovens  which  would  meet 
the  specifications  given  by  the  average  American  blast  furnace 
superintendent.  In  order  to  prove  whether  the  objections 
against  the  by-product  coke  are  well  founded  about  3  000  tons 
of  coal  were  coked  in  United-Otto  by-product  coke  ovens  in  the 
year  1898  and  were  tested  in  a  blast  furnace  under  the  super¬ 
vision  of  John  Fulton  and  E.  A.  Uehling.  The  test  proved 
that  per  ton  of  pig  iron  about  100  lb.  less  by-product  coke  was 
used  than  bee-hive  coke  and  that  the  capacity  of  the  furnace 
materially  increased. 

It  would  take  us  too  far  to  discuss  at  present  the  various 
heating  systems  of  coke  ovens,  but  with  very  much  simpler 
means  other  types  of  ovens  obtain  even  a  greater  uniformity  of 
heating  than  the  type  described  by  the  author.  This  is  con¬ 
firmed  by  the  results  at  plants  in  operation.  If  the  short  coking 
time  were  actually  a  standard  of  uniformity  of  heating  I  could 
point  out  that  batteries  have  operated  in  14  hours,  not  for  a  day 
but  for  months.  This  naturally  greatly  increases  the  daily  ca¬ 
pacity  of  a  plant;  but  that  it  will  also  decrease  the  cost  per 
ton  of  coke  to  a  minimum  Mr.  Hartman  will  still  have  to  prove. 
The  destruction  of  by-product  is  enormous  when  the  tempera¬ 
ture  of  the  ovens  is  carried  above  a  certain  point,  and  therefore 
the  craze  for  big  capacities  may  not  always  be  conducive  to 
highest  economy. 
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The  first  silica  material  was  used  about  fourteen  years  ago 
in  connection  with  by-product  coke  oven  installed  by  the  Cam¬ 
bria  Steel  Company,  at  Johnstown,  Pa.  In  our  construction 
for  the  last  ten  years  the  ovens  proper  have  been  exclusively  built 
of  silica  brick. 

The  first  movement  for  increasing  the  size  of  ovens  was 
made  in  the  year  1902  when  several  plants  with  ovens  42  ft.  8  in. 
in  length  were  built.  These  held  a  coal  charge  of  over  nine 
tons  against  six  or  seven  tons  before  that  time.  There  are  a 
number  of  companies  which  are  now  building  ovens  of  a  15 
ton  coal  charge. 

The  speaker  of  the  evening  stated  that  due  to  the  Steel 
Corporation’s  experience  with  low  volatile  coal  at  Joliet  it  has 
come  to  be  generally  believed  that  the  best  quality  of  blast 
furnace  coke  could  only  be  made  by  using  a  low  volatile  coal 
or  mixture  of  coals.  This  experience  was  gained  at  the  Cam¬ 
bria  Steel  Company’s  plant  about  fourteen  years  before  that 
time.  The  Johnstown  coal  is  lower  in  volatile  matter  than  the 
Pocahontas  and  has  been  used  at  Johnstown  continuously.  At 
that  place  one  great  additional  trouble  occurs  however,  the  coal 
is  so  full  of  impurities  that  it  requires  washing  and  the  charg¬ 
ing  of  the  wet  coal  naturally  increases  the  repair  expense  of 
the  ovens. 

It  may  be  said  that  the  direct  process  for  the  recovery  of 
ammonia  referred  to  by  Mr.  Hartman  is  only  a  semi-direct  pro¬ 
cess  because  it  does  not  dispense  entirely  with  the  ammonia  still. 
There  are  other  by-product  coke  ovens  that  have  developed 
true  direct  processes  which  are  in  very  successful  operation  in 
Europe  and  which  are  available  also  for  American  plants.  It 
should,  however,  be  borne  in  mind  that  the  market  conditions 
for  ammonia  do  not  in  all  instances  make  the  exclusive  manu¬ 
facture  of  sulphate  of  ammonia  advisable. 

The  market  for  by-products  resulting  from  the  use  of  by¬ 
product  coke  ovens  has  been  very  rapidly  developed  within  the 
past  few  years,  particularly  for  tar  products,  and  its  use  for 
the  generation  of  power  will  play  a  very  important  part  within 
the  next  few  years. 

The  enormous  demands  made,  which  are  annually  in- 


338-  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

creasing,  for  high  class  fertilizers  point  conclusively  to  the  fact 
that  the  market  for  sulphate  of  ammonia  will  share  in  the  up¬ 
ward  tendency.  The  farmers  are  getting  to  more  fully  appre¬ 
ciate  the  great  value  of  fertilizers  blended  with  sulphate  of 
ammonia.  In  fact  there  need  not  be  any  fear  that  the  demand 
for  all  of  the  products;  namely,  tar,  ammonia  and  gas  will  be, 
under  normal  conditions,  cpiite  ecpial  to  the  supply. 

Undoubtedly  the  most  notable  example  of  the  use  of  by¬ 
product  coke  oven  gas  in  the  world  is  the  plant  we  installed 
at  Camden.  From  this  center  a  district  extending  more  than 
one  hundred  miles  northerly  through  the  State  of  New  Jersey 
is  covered.  The  principal  cities  and  towns  served  are  Camden, 
Trenton,  Princeton,  New  Brunswick,  Plainfield,  Perth  Amboy 
and  the  intermediate  districts.  The  gas  is  forced  under  high 
pressure  throughout  the  entire  distance  by  a  compressor  plant 
connected  with  the  central  plant  at  Camden.  The  average  heat 
value  of  the  gas  throughout  the  entire  district  will  not  fall  be¬ 
low  640  B.  t.  u.  No  extra  enrichment  is  required  for  the  gas, 
and  it  more  than  meets  the  demands  of  the  usual  requirements 
of  State  laws  covering  the  heat  value  and  candle  power  of  coal 
gas. 

The  most  modern  plant  for  the  supply  of  gas  to  city  serv¬ 
ice  was  erected  by  our  company  for  the  Citizens  Gas  Company 
at  Indianapolis,  Ind.,  and  has  been  in  operation  more  than  two 
and  a  half  years.  The  gas  is  used  to  replace  that  which  was 
supplied  for  a  number  of  years  by  natural  gas.  The  franchise 
requirements  in  connection  with  the  distribution  system  required 
the  high  heat  value  of  600  B.  t.  u.  A  careful  investigation  by 
the  officials  of  the  company  led  to  the  adoption  of  the  by-pro¬ 
duct  coke  ovens  of  the  United-Otto  System  to  meet  these  re¬ 
quirements.  During  the  winter  season  just  passed  (1911-1912), 
the  most  severe  winter  for  many  years,  the  company  was  able 
to  keep  up  its  supply  to  its  customers,  and  the  heat  value, 
except  in  one  or  two  instances,  did  not  fall  below  653  B.  t.  u. 
The  candle  power  was  constantly  maintained  at  more  than  the 
average  requirements. 

These  particular  instances  will  serve  well  to  indicate  the 
possibilities  in  connection  with  the  utilization  of  by-product 
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coke  oven  gas  for  lighting,  heating  and  cooking  purposes  through¬ 
out  large  populous  districts.  There  can  be  no  end  for  the  de¬ 
mand  of  gas  which  can  be  supplied  to  industrial  establishments 
n  connection  with  industries  where  by-product  coke  ovens  are 
installed. 

It  may  be  of  interest  to  some  of  those  present  to  know 
that  the  development  of  the  gas  supplied  at  Camden  has  re¬ 
quired  more  than  doubling  the  gas  capacity  of  the  original  plant. 
This,  however,  has  been  accomplished  hy  the  addition  of  only 
fifty  ovens  as  compared  with  the  original  installation  of  one 
hundred  ovens,  which  instantly  gives  an  idea  of  the  develop¬ 
ment  of  the  productive  capacity  of  the  ovens  although  nominally 
of  the  same  size  as  compared  with  the  practice  of  about  twelve 
years  ago.  The  plant  of  the  Citizens  Gas  Company  at  Indiapo- 
lis  is  being  doubled  at  this  time. 

There  are  many  features  in  connection  with  the  by-product 
coke  ovens  which  might  be  greatly  enlarged  upon  if  time  per¬ 
mitted.  The  subjects  worthy  of -larger  scope  of  presentation 
are : 

The  development  and  advantages  of  silica  bricks. 

The  especial  importance  of  the  tightness  of  the  ovens  where 
the  manufacture  of  illuminating  gas  is  involved.  Incident  to 
this  feature  is  the  necessity  for  the  grinding  of  bricks  used  in 
the  oven  wall  construction. 

The  development  of  heavy  oven  walls  was  made  appar¬ 
ent  many  years  ago  in  connection  with  the  construction  of  the 
ovens  for  the  Cambria  Steel  Company  brought  about  by  the 
requirements  for  the  treatment  of  the  low  volatile  coal  of  «i 
swelling  nature  which  is  used  by  them. 

In  recognition  of  the  demands  for  reduced  operating  ex¬ 
penses  evolved  from  a  larger  output  capacity  was  apparent 
about  twelve  years  ago.  This  led  to  the  installation  of  several 
plants  under  the  United-Otto  System  of  ovens  about  43  ft. 
long  with  a  charging  capacity  of  about  nine  tons  and  a  cok¬ 
ing  time  of  about  twenty  hours. 

Mr.  R.  T.  IIapgood:*  1  might  call  attention  to  some  tests 
I  carried  out  several  years  ago,  to  determine  the  relative 

♦Chief  Chemist,  Gulick-Henderson  Company,  Pittsburgh. 
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strength  of  bee  hive  and  by-product  coke  when  subjected  to 
physical  tests  intended  to  duplicate  as  nearly  as  possible  the 
handling  of  coke  between  the  time  it  leaves  the  oven  and  its 
final  consumption  in  the  furnace. 

Pittsburgh  Vein  Coal  containing  about  33  percent  volatile 
matter  and  10  percent  ash  was  coked  in  two  bee  hive  and  two  by¬ 
product  coke  ovens.  One  ton  of  selected  large  pieces  from 
each  oven  was  used  for  each  test.  The  coke  was  placed  in  a 
box,  approximately  four  feet  on  a  side  and  having  a  drop  bot¬ 
tom,  and  elevated  to  a  height  of  ten  feet.  The  drop  bottom  was 
then  opened  and  the  coke  allowed  to  fall  at  once  on  an  iron 
plate.  This  procedure  was  repeated  seven  times  and  the  coke 
then  screened  to  sizes  from  3^  in.  to  5  in.  After  the  different 
sizes  had  been  weighed  they  were  carefully  mixed  together  and 
then  tumbled  in  a  barrel.  The  barrel  was  revolved  on  its  long 
axis,  but  off  center,  in  order  to  give  the  coke  more  of  a  tumbling 
effect.  Six  or  eight  shovelsful  of  coke  were  used  at  once  and 
the  barrel  revolved  eight  times.  The  coke  was  then  screened 
and  after  weighing,  carefully  mixed,  and  subjected  to  the  crush¬ 
ing  test.  This  was  done  by  filling  an  iron  box  one  foot  on  a 
side  with  coke  and  then  allowing  a  7500  pound  weight  to  rest 
upon  the  cover  which  just  fitted  inside  the  box.  After  all  the 
coke  had  been  treated  in  this  manner  it  was  screened  and  the 
various  sizes  weighed.  All  coke  remaining  on  the  one  inch 
screen  or  larger  was  considered  furnace  coke. 

From  these  four  tests,  approximately  66  and  68  percent 
of  furnace  coke  was  obtained  from  the  bee  hive  coke,  and  76 
to  78  percent  from  the  by-product  coke. 

The  following  table  shows  the  results  in  detail. 

BEEHIVE  COKE  NO.  1. 


Size  of  Screen 

Dropping-  Test 

Tumbling-  Test 

Crushing  Test 

Percentage 

Percentage 

Percentage 

Thru  y2  in. 

7.43 

8.34 

10.42 

On  y2  in. 

16.31 

16.10 

20.59 

Onv  1  in. 

56.92 

57.16 

57.44 

On  2  in. 

18.08 

17.57 

11.16 

On  3  in. 

1.26 

0.83 

0.39 

Furnace  Coke 

68.99  percent. 
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BEEHIVE  COKE  NO.  2. 


Thru  %  in. 

8.00 

9.10 

14.00 

On  %  in. 

14.55 

13.05 

19.80 

On  1  in. 

50.35 

53.10 

54.40 

On  2  in. 

23.30 

22.40 

10.50 

On  3  in. 

2.85 

1.75 

1.30 

On  4  in. 

0.95 

0.60 

Furnace 

Coke 

66.20 

percent. 

BY-PRODUCT 

COKE  NO.  1. 

Thru  %  in. 

6.43 

7.27 

9.53 

On  %  in. 

9.26 

9.66 

14.37 

On  1  in. 

32.95 

33.21 

39.06 

On  2  in. 

26.21 

26.37 

21.57 

On  3  in. 

20.04 

21.00 

13.41 

On  4  in. 

4.71 

2.14 

1.51 

On  5  in. 

0.40 

0.35 

0.55 

Furnace 

Coke 

76.16 

percent. 

BY-PRODUCT 

COKE  NO.  2. 

Thru  %  in. 

6.37 

7.32 

9.12 

On  %  in. 

7.72 

9.20 

12.35 

On  1  in. 

27.28 

27.54 

35.32 

On  2  in. 

22.66 

23.30 

19.68 

On  3  in. 

25.15 

23.95 

18.25 

On  4  in. 

8.33 

7.73 

4.77 

On  5  in. 

2.49 

0.56 

0.51 

Furnace 

Coke 

78.53 

percent. 

Mr.  J.  W.  Dougherty:*  Referring  to  Dr.  Schniewind’s  re¬ 
marks  read  by  Mr.  Moore  that  the  Steel  Corporation  did  not 
give  proper  consideration  to  other  types  of  coke  ovens  before 
definitely  deciding  on  the  Kopper  ovens,  would  say  that  the 
members  of  the  coke  committee  which  investigated  by-product 
coke  ovens,  are  personal  friends  of  mine  and  have  been  for 
many  years  past  and  as  none  of  them  are  present  at  this  meet¬ 
ing  tonight,  I  think  it  is  due  them  for  me  to  state  that  I  know 
positively,  when  I  was  connected  with  The  Pennsylvania  Steel 
Company,  of  their  having  spent  a  day  at  Steelton  looking  into 
the  Semet-Solvay  type  of  oven,  as  I  conducted  them  around 
the  ovens  at  that  time.  I  know,  too,  that  they  went  to  Sparrows 
Point  on  the  following  day  to  investigate  the  Otto-Iiofman 
type  of  ovens  which  were  in  use  there,  and  judging  from  their 
conversation  and  knowledge  of  ovens  at  that  time,  which  was 
before  they  went  to  Europe,  they  were  very  well  informed  as 
to  the  different  types  of  ovens  in  use  throughout  the  United 

•President,  Pittsburgh  Crucible  Steel  Company.  Pittsburgh. 
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States  and  Europe.  In  view  of  these  facts  I  think  it  is  only 
fair  to  the  coke  committee  to  say  that  they  decided  on  the 
Kopper  type  of  oven  after  careful  study  and  investigation. 

I  wish  to  ask  the  previous  speaker  if  it  would  be  possible 
in  a  by-product  coke  oven,  properly  designed,  to  make  a  satis¬ 
factory  furnace  coke  from  Pittsburgh  vein  of  coal  carrying  34 
percent  volatile  matter,  assuming  the  coke  was  to  be  used  in  a 
furnace  originally  designed  to  produce  at  least  500  tons  a  day 
from  Old  Basin  Connellsville  or  a  good  Klondike  coke. 

Mr.  E.  A.  Moore:*  I  would  say  no,  Pittsburgh  vein  coal 
34  percent  volatile  will  not  make  a  suitable  blast  furnace  coke 
for  a  500  ton  furnace. 

The  Author  :  As  far  as  our  experience  goes  I  would  answer 
that  -the  same  way.  But  lately  experiments  indicate  that  high 
heats  and  short  coking  time  are  going  to  enlarge  the  possibilities 
of  the  by-product  ovens  very  decidedly.  We  find  that  shorten¬ 
ing  the  coking  time  improves  the  coke  for  blast  furnace  use 
and  we  expect  within  the  next  few  weeks  to  make  some  ex¬ 
periments  on  Pittsburgh  coal  with  short  coking  time.  As  far 
as  we  know  up  to  date  we  would  not  say  absolutely  that  you 
can  use  Pittsburgh  coal  to  make  coke  for  a  500  ton  furnace, 
but  we  think  there  are  possibilities  being  worked  out. 

Mr.  F.  C.  Keighley  :*  As  my  experience  in  the  manufac¬ 
ture  of  coke  has  been  wholly  with  the  bee  hive  coke  oven  I  am 
not  in  a  position  to  discuss  Mr.  Hartman's  paper  in  detail, 
and  what  I  have  to  say  will  be  along  general  lines  only. 

The  installation  of  the  by-product  oven  in  my  judgment  is 
almost  wholly  a  question  of  time,  place  and  condition.  The 
action  of  the  United  States  Steel  Corporation  in  equipping  the 
Gary,  Indiana,  plant  with  by-product  ovens  is  not  at  all  sur¬ 
prising  as  it  is  in  keeping  with  their  progressive  methods. 

Few  people  engaged  in  the  manufacture  of  pig  iron  or  coke 
are  at  this  time  so  fortunately  situated  as  the  Steel  Corporation 
is  with  relation  to  their  Gary  improvements;  however  this  does 

♦President,  American  Coke  and  Gas  Construction  Company,  Camden, 
N.  J. 

♦General  Superintendent  of  Mines,  Oliver  &  Snyder  Steel  Company, 
Oliver,  Pa. 
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not  necessarily  condemn  the  by-product  system  or  method  of 
coking.  There  are  many  coke  plants  in  various  parts  of  the 
country  equipped  with  bee  hive  ovens  alone,  and  to  install  by¬ 
product  ovens  would  involve  the  loss  of  the  whole  investment. 
Many  of  these  plants  have  but.  a  limited  supply  of  coal  and 
the  time  element  is  so  short  that  they  would  not  be  warranted  in 
putting  in  the  expensive  by-product  ovens;  in  other  words, 
the  coal  tonnage  would  not  be  sufficient  to  bear  the  additional 
expense  caused  by  the  loss  of  the  first  investment,  and  the  enor¬ 
mous  sum  required  for  the  second  installation. 

Many  of  these  plants  are  so  locatd  that  no  use  could  be 
made  of  the  surplus  gas  acquired  through  the  by-product  pro¬ 
cess,  and  it  is  my  understanding  that  this  surplus  gas  is  one 
of  the  principal  sources  of  saving  to  be  attained  through  the  by¬ 
product  process.  The  other  by-products,  such  as  tar,  and  am¬ 
monia  are  wholly  foreign  to  the  coke  manufacturer’s  training 
and  many  would  hesitate  to  put  money  into  a  business  that  they 
did  not  understand,  but  I  have  no  doubt  that  the  by-product 
oven  in  the  future  will  make  rapid  inroads  on  bee  hive  coke  manu¬ 
facture  where  location  and  conditions  are  favorable. 

Mr.  Hartman  puts  the  cost  of  a  bee-hive  oven  at  from  $700 
to  $800,  and  the  cost  of  a  by-product  oven  at  $12  000.  These 
figures  are  a  little  too  high  for  the  bee  hive  oven ;  however,  that 
would  cut  no  figure  when  compared  with  $12  000  for  the  by¬ 
product  oven.  In  order  to  eliminate  as  many  figures  as  pos¬ 
sible,  for  the  sake  of  argument  1  will  put  the  cost  of  a  bee  hive 
<»ven  at  $600  for  comparison  with  the  $12  000.  This  would  mean 
an  investment  for  coke  ovens  alone  of  twenty  times  the  cost  of 
the  bee  hive  oven,  and  if  my  understanding  of  the  matter  is  cor¬ 
rect,  the  investment  for  coke  ovens  is  not  by  any  means  the 
entire  outlay  in  connection  with  the  by-product  process. 

Mr.  Hartman  states  that  recent  improvements  in  by-product 
coke  ovens  have  made  it  possible  to  produce  ten  tons  of  coke  per 
oven  in  16  hours  as  against  four  tons  of  coke  produced  in  the 
bee  hive  oven  in  48  hours.  Mr.  Hartman  has  put  the  product 
of  the  bee  hive  oven  somewhat  low,  as  today  this  will  run  five 
tons  or  more.  However,  taking  Mr.  Hartman’s  figures,  the 
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output  of  the  by-product  oven  is  but  ll/2  times  that  of  the  bee 
hive  oven,  while  the  investment  is  20  times  as  great. 

Mr.  Hartman  makes  an  additional  claim  of  five  to  ten  per¬ 
cent  increase  in  the  yield  of  coke  from  coal  due  to  the  by-product 
system.  I  am  unable  to  state  exactly  the  average  yield  of  coke 
from  coal  in  a  bee  hive  oven,  but  it  probably  runs  from  64  to  66 
percent.  With  an  experimental  bee  hive  oven  I  succeeded  in 
getting  70  percent  of  coke  from  the  coal  charged  in  the  oven, 
but  this  was  under  unusual  circumstances.  In  all  probability  there 
is  an  increased  yield'  of  at  least  five  percent  to  the  credit  of  the 
by-product  method  but  I  have  doubts  as  to  its  producing  and 
yielding  capacity  keeping  pace  with  the  very  great  cost  of  in¬ 
stallation.  It  is  possible  to  coke  inferior  coals  in  by-product 
ovens  which  could  not  be  treated  profitably  in  bee  hive  ovens; 
however,  the  time  has  not  yet  arrived  in  this  country  when  coke 
manufacturers  have  to  resort  to  the  employment  of  inferior 
coal  for  coking  purposes. 

As  to  the  mixing  of  coals  in  the  by-product  oven  affording 
certain  advantages,  probably  the  same  practice  would  apply  to 
the  bee  hive  product.  In  the  matter  of  crushing  the  coal,  which 
I  understand  is  necesary  for  successful  by-product  production, 
great  benefit  would  accrue  to  the  bee  hive  product  by  the  use  of 
the  coal  crusher.  In  the  matter  of  breaking  and  sizing  coke  for 
furnace  use,  no  particular  credit  is  due  to  by-product  coke  as  I 
know  of  a  blast  furnace  company  that  has  broken  and  sized  its 
bee  hive  coke  for  years. 

Mr.  Hartman  gives  no  figures  for  the  cost  of  maintenance 
but  is  of  the  opinion  that  it  is  not  excessive.  This,  of  course  is 
cpen  to  question  and  the  superiority  of  the  by-product  over  the 
bee  hive  oven  method  cannot  be  satisfactorily  demonstrated  with¬ 
out  exact  figures;  however,  I  do  not  wish  to  intimate  that  the 
expense  of  maintenance  would  be  greater  in  the  by-product 
system  than  Mr.  Hartman  indicates,  but  if  a  person  were  con¬ 
templating  a  change  from  bee  hive  to  by-product  practice  he 
would  want  figures  in  connection  with  the  cost  of  installation, 
operation  and  maintenance  that  were  convincing.  No  doubt 
the  steel  corporation  will,  within  the  next  few  years,  have  fig- 
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ures  on  the  cost  of  operation  and  maintenance  that  will  be  re¬ 
liable  and  truly  indicative  of  what  can  be  done. 

I  have  always  understood  that  the  principal  objection  to 
by-product  coke  was  the  excessive  moisture  it  carried.  If  this 
highly  objectionable  surplus  moisture  has  been  eliminated  as 
Mr.  Hartman  states,  and  the  structure  and  strength  of  such 
coke  is  good,  then  it  would  seem  that  modern  by-product  coke 
possesses  all  the  qualities  of  bee  hive  coke.  If  this  is  the  case, 
then  the  question  of  the  advisability  of  replacing  bee  hive  with 
by-product  ovens  would  hinge  solely  upon  the  ability  of  the 
coke  manufacturers  to  acquire  the  large  amount  of  capital  re¬ 
quired,  the  location  adapted  for  the  profitable  disposition  of  the 
coke  and  its  by-products,  and  a  coal  held  of  such  magnitude, 
location  and  quality  that  would  cover  the  requirements  of  the 
proposition.  That  is  a  combination  very  difficult  to  find. 

I  wish  to  be  fair  in  this  matter  and  say  that  since  I  have 
heard  the  discussion  this  evening  my  angle  of  vision  has  changed 
somewhat.  I  now  believe  that  the  building  of  by-product  ovens 
will  proceed  with,  great  despatch  not  so  much  from  a  coke  stand¬ 
point  as  the  seemingly  great  demand  there  is  likely  to  be  for 
the  by-products. 

It  seems  to  me  that  the  lands  that  have  been  depleted  of 
their  fertility  in  this  country  in  various  ways  will  in  a  great 
degree  have  to  attain  their  restoration  through  the  by-product 
oven  by  way  of  ammonia  water,  etc.  I  believe  in  the  discus¬ 
sion  that  it  was  Mr.  Campbell  who  said  that  sulphur  was  an 
objectionable  element  in  connection  with  fertilizers.  Recent  in¬ 
vestigations  of  depleted  soils  by  E.  B.  Hart,  Professor  of  Agri¬ 
cultural  Chemistry  at  the  University  of  Wisconsin  indicate  that 
one  of  the  very  important  elements  that  is  wanting  is  sulphur, 
and  agriculturists  are  now  advised  to  return  to  the  use  of 
gypsum,  which  carries  a  considerable  percentage  of  sulphur. 

I  submit  the  following  extract  from  the  columns  of  “Farm 
and  Fireside”  issue  of  May  lltli,  1912,  Editorial  Notes: 

“We  may  expect  some  surprises  in  the  agricultural  fer¬ 
tilizer  business  within  the  next  few  years,  and  probably  sulphur 
will  play  an  important  part  in  those  surprises.” 

“Science  is  all  the  time  correcting  its  own  mistakes,  and 
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every  such  correction  makes  science  more  careful.  In  this  case 
a  mistake  as  to  the  sulphur  needs  of  plants  has  come  down  to 
us  from  the  error  of  the  older  chemists.  In  their  analyses  a 
great  deal  of  the  sulphur  in  plants  was  lost  in  the  form  of  vapor. 
Not  finding  all  the  sulphur,  they  underestimated  the  need  of  it. 
Professor  Harts  work  sets  us  right  on  this  last  and  maybe  opens 
up  a  new  era  in  fertilizers.  ’  ’ 

As  to  silica  brick,  I  believe  the  bee  hive  men  were  in  the 
silica  brick  field  as  early  as  the  by-product  men.  It  occurs 
to  me  that  we  used  silica  brick  twenty  years  ago  in  coke  ovens. 
I  think  Mr.  0.  W.  Kennedy,  of  the  Frick  Coke  Company,  bought 
the  first  carload  of  silica  coke  oven  brick  made  in  this  country. 
They  were  made  at  Layton,  Fayette  County,  Pa.,  by  a  man 
named  Bradley  whom  everybody  thought  was  out  of  his  senses 
on  the  subject  of  silica  brick.  The  brick  he  made  were  so  soft 
that  they  crumbled  to  the  touch.  I  bought  the  second  carload 
and  in  placing  them  in  the  ovens  we  lost  40  percent  of  the 
brick  through  crumbling  alone.  Mr.  Bradley  insisted  that  if 
the  brick  were  burned  hard  he  could  not  guarantee  results. 
Later  on  I  called  the  attention  of  a  brick  man  right  across  the 
river  from  Layton,  Mr.  Kier,  to  the  fact  that  while  we  knew 
silica  brick  was  a  vast  improvement  over  the  ordinary  brick, 
we  could  not  use  it  on  account  of  the  excessive  waste  and  asked 
him  if  he  could  not  make  a  harder  brick.  His  firm  made  ex¬ 
periments  and  made  a  very  firm  silica  brick,  the  breakage  from 
it  not  being  as  great  as  the  ordinal  coke  oven  brick.  We  have 
been  using  Kier  silica  brick  ever  since  that  time. 

Mr,  W.  L.  Affelder  :*  I  do  not  know  whether  many  men 
present  realize  the  magnitude  of  the  possibilities  of  the  by-pro¬ 
duct  question.  Three  or  four  years  ago  while  traveling  with  the 
chief  engineer  of  the  H.  C.  Frick  Coke  Co.  I  made  the  statement 
that  in  every  24  hours  35  000  tons  of  volatile  matter  were  being 
discharged  into  the  atmosphere  by  the  coke  ovens  in  the  Con- 
nellsville  coke  region.  He  laughed  at  the  statement  and  said 
it  was  ridiculous;  that  the  quantity  was  far  less  than  that. 
He  figured  it,  and  told  me  when  he  had  finished  that  my  state¬ 
ment  was  wrong ;  that  1  should  have  made  it  40  000  instead  of 

♦General  Manager,  Bulger  Block  Coal  Co.,  Bulger,  Pa. 
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85  000.  Since  then  there  have  been  a  great  many  ovens  built 
so  that  if  all  the  coke  ovens  in  the  Connellsville  region  were  in 
operation  today,  there  would  be  about  45  000  tons  of  volatile 
matter  discharged  into  the  atmosphere  every  day.  There  are 
wonderful  possibilties  ahead  of  the  by-product  coke  oven. 

Referring  to  the  point  raised  by  Mr.  Keighley  that  the 
cost  of  by-product  ovens  is  more  than  the  coke  operator  can 
stand.  I  am  under  the  impression,  which  I  think  is  correct, 
that  the  Bethlehem  Steel  Co.’s  coke  plant  is  being  built  by  a 
German  syndicate  at  the  expense  of  the  syndicate  and  that  the 
steel  plant  is  merely  to  furnish  the  coal  and  get  the  coke,  so 
that  they  are  getting  their  coke  without  putting  any  money  into 
the  coking  plant  at  all.  Is  that  true,  Mr.  Moore? 

Mr.  E.  A.  Moore:  In  a  general  way  those  are  the  terms  of 
the  arrangement.  The  German  syndicate  is  putting  in  the 
plant  and  Mr.  Schwab  furnishes  the  coal  and  takes  the  coke 
and  the  gas  at  a  price  and  our  German  friends  get  the  balance. 

Mr.  J.  W.  Dougherty  :  What  does  the  gas  made  from  the 
by-product  ovens  cost  you? 

Mr.  E.  A.  Moore:  The  latest  I  know  is  from  the  General 
Manager  of  the  Citizens  Gas  Company  of  Indianapolis  when  he 
said  “I  will  not  tell  you  how  much  less,  but  for  several  months 
we  have  put  our  gas  into  the  holder  for  less  than  nothing.”  If 
we  were  wanting  to  be  spectacular  we  would  make  a  nice  ad¬ 
vertisement  of  that  information,  but  we  would  place  ourselves 
in  a  peculiar  position.  When  we  talk  to  a  gas  man  he  wants 
to  know  what  his  gas  is  going  to  cost;  when  we  talk  to  a  coke 
man  he  wants  to  know  what  the  coke  is  going  to  cost.  Then 
we  are  also  liable  to  be  called  before  public  service  commis¬ 
sions  as  to  the  cost  of  gas,  which  always  varies  according  to 
local  conditions.  We  cannot  consequently  make  any  hard  and 
fast  statement  of  cost. 

Mr.  J.  W.  Dougherty:  The  reason  I  asked  that  question 
was  to  call  attention  of  the  gentlemen  present  to  the  fact  that 
some  time  the  natural  gas  at  present  available  will  become  ex¬ 
hausted  and  wThen  that  actually  occurs,  unless  some  other  gas 
is  forced  into  the  pipes  now  laid  in  the  ground  for  natural  gas 
purposes,  millions  of  dollars  of  property  will  become  worthless. 
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With  natural  gas  selling  at  30  cents  a  thousand  cubic  feet  for 
domestic  purposes,  it  seems  to  me  that  the  gases  from  which  the 
tar  and  sulphate  of  ammonia  have  been  extracted  will  become, 
also,  a  very  valuable  by-product.  These  gases  can  also  be 
scrubbed  so  as  to  remove  the  hydrogen  sulphide  contained  in 
them  to  much  better  advantage  than  can  a  gas  made  in  an  ordi¬ 
nary  gas  producer,  so  that  they  will  be  adapted  to  the  manu¬ 
facture  of  high  grade  low  sulphur  steels  in  an  open  hearth  furn¬ 
ace  much  better  than  ordinary  unwashed  producer  gas. 

In  view  of  these  facts,  especially  from  a  metallurgical 
standpoint,  and  also  of  the  fact  that  we  should  conserve  the  coal 
in  the  ground  for  future  generations,  we  should  not  throw  off 
into  the  atmosphere  the  valuable  by-products  as  we  are  doing 
today.  Experts  report  that  75  to  80  lb.  of  ammonium  sul¬ 
phate  per  ton  of  coal,  can  be  recovered  from  Pittsburgh  coals 
if  the  nitrogen  contained  in  the  coal  were  recovered  by  the  ad¬ 
dition  of  an  ammonium  sulphate  plant  to  the  gas  producers  sup¬ 
plying  gas  to  the  open  hearth  steel  melting  or  the  reheating 
furnaces. 

Why  all  this  cry  of  the  high  cost  of  living?  Why  is  all  of 
this  valuable  land  fertilizer  thrown  away?  In  the  first  pla,ce 
the  public  do  not  appreciate  the  value  of  the  gas  thrown  into 
the  atmosphere  from  so  many  coke  ovens  operating  through¬ 
out  the  United  States'  nor  of  the  value  of  the  by-product  con¬ 
tained  in  the  many  thousands  of  tons  of  coal  consumed  annu¬ 
ally  in  the  many  gas  producers  in  use  throughout  the  country. 
If  they  appreciated  it  they  would  insist  that  it  be  recovered 
and  sold  to  the  farmer  and  used  as  plant  food.  A  great  majority 
of  the  present  American  land  owners  have  learned  only  the  art 
of  agriculture  and  were  never  taught  the  science  of  farming 
as  practiced  today  by  the  German  and  the  French  farmers. 

The  high  cost  of  living  is  in  the  American  peoples  own 
hands.  They  should  see  that  the  farmers  are  instructed  to  re¬ 
place  the  fertility  which  each  crop  takes  from  the  land  and  not 
keep  robbing  it  year  after  year  until  finally  the  finest  wheat 
and  corn  fields  of  the  middle  west  will  be  no  more  fertile  than 
some  of  the  abandoned  farms  in  Massachusetts  and  Maryland 
which  were  once  fertile. 
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Prof.  Hopkins  reports  that  average  yield  of  corn  in  the 
United  States  is  25  bushels  an  acre  and  the  average  yield  in 
Illinois  is  35  bushels  an  acre,  while  the  yield  upon  the  farm  of 
the  University  of  Illinois,  with  normal  soil  under  practical, 
profitable  and  permanent  scientific  system  is  87  bushels  in  grain 
farming  and  90  bushels  per  acre  in  live  stock  farming,  as  a  six 
year  average. 

It  seems  to  me  that  if  we  are  to  look  to  self  conservation  and 
to  keep  down  the  cost  of  living  instead  of  increasing  as  it  no 
doubt  will  with  the  natural  increase  in  population,  and  with  no 
corresponding  increase  in  crops,  that  people  with  trained  minds 
and  business  ability  should  take  this  matter  in  hand,  secure  the 
information  themselves  and  disseminate  it  among  the  farmers 
and  land  owners.  If  the  farmer  could  only  appreciate  how 
much  more  money  value  he  could  get  out  of  an  acre  of  ground 
annually  with  no  more  manual  labor  by  conducting  his  opera¬ 
tions  scientifically  I  am  sure  he  would  be  glad  to  be  informed 
and  I  am  very  sure  that  if  the  public  generally  realized  this 
they  would  insist  that  the  farm  lands  be  not  depleted,  but  that 
on  the  other  hand  there  be  a  general  movement  toward  the 
adoption  of  a  permanent  profitable  system  of  agriculture  in 
America  in  which  they  would  share  the  profits  in  a  lower  cost 
of  living,  at  least  that  it  should  not  be  increased  any  higher  than 
it  is  at  present. 

In  Great  Britain,  Germany,  Belgium,  France  and  Austria 
they  recover  thousands  of  tons  of  ammonium  sulphate  from  their 
coals,  which  is  used  for  plant  food,  and  they  also  save  quite  a 
tonnage  of  their  basic  Bessemer  slags  which  carry  quite  a  large 
percentage  of  phosphate  of  lime  and  which  is  also  a  valuable 
plant  food. 

In  order  to  save  the  valuable  by-products  contained  in  our 
coals,  I  earnestly  hope  the  Koppers  people,  the  Otto  Ilofman, 
the  Semet-Solvay  or  some  other  coke  oven  engineers,  will  soon 
develop  an  oven  which  will  produce  a  satisfactory  blast  furnace 
coke  from  the  high  volatile  coals.  In  fact  all  coke  that  is  pro¬ 
duced  should  be  made  in  by-product  ovens  in  the  Pittsburgh 
District. 
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May  I  ask  Mr. .  Moore  what  we  are  going  to  do  in  the 
Pittsburgh  District  when  the  natural  gas  becomes  exhausted? 

Mr.  Moore  :  Use  the  by-product  coke  ovens. 

Mr.  J.  W.  Dougherty  :  That  would  be  very  nice  indeed 
if  you  will  make  satisfactory  blast  furnace  coke  from  Pittsburgh 
coal  carrying  34  percent  volatile,  but  you  admitted  to  me  a  short 
time  ago  you  could  not  do  it.  I  suppose,  however,  if  this  cannot  be 
done  with  high  volatile  coals,  some  low  volatile  coal  can  be 
shipped  into  the  Pittsburgh  District  so  as  to  give  a  mixture  con¬ 
taining  25  to  28  percent  volatile  matter  from  which  good  furnace 
coke  can  be  produced.  The  high  price  which  the  gas  brings  for 
domestic  purposes  will  permit  of  an  extra  price  for  the  low 
volatile  coal  which  will  necessarily  recpiire  a  higher  freight  rate 
than  coal  mined  in  the  Pittsburgh  District.  I  might  also  say 
that  the  calorific  value  of  1000  cu.  ft.  of  coke  oven  gas  with 
hydrogen  sulphide  removed  will  be  rated  materially  higher  for 
metallurgical  purposes  than  it  is  at  present.  I  might  say  more 
regarding  this  subject,  but  as  others  may  desire  to  speak  I 
think  I  have  said  all  I  care  to  for  the  present. 

Mr.  E.  A.  Moore:  In  Indianapolis  they  sell  the  gas  to  the 
consumer's  burner  at  60c.  per  thousand. 

Mr.  A.  W.  Belden  :f  I  might  say  in  regard  to  the  Bethle¬ 
hem  Steel  Co.  arrangement,  that  the  Tennessee  Company  Coal 
&  Iron  Co.,  of  Birmingham,  Ala.,  made  that  same  arrangement 
with  the  Semet  Solvay  Company  in  1898  and  the  Semet  Solvay 
people  got  their  money  out  of  the  by-products. 

Dr.  H.  C.  Porter  :*  I  would  like  to  say  a  word  or  two 
in  regard  to  Mr.  Campbell’s  remarks.  It  seems  to  me  that  he 
exaggerates  a  little  perhaps  the  effect  of  iron  in  reducing  the 
yield  of  ammonia.  He  made  some  laboratory  tests  on  a  mix¬ 
ture  of  iron  filings  with  coal  and  obtained  10  percent  reduc¬ 
tion  say  from  25  to  22^4  lb.  That  amount  of  reduction  is  not 
great,  but  it  is  worth  taking  into  account  if  it  really  occurs  in 
practice.  But  a  mixture  of  finely  divided  iron  with  coal  would, 

T  am  inclincled  to  believe,  have  a  much  greater  effect  than  would 

tEngineer,  U.  S.  Bureau  of  Mines  Testing  Station,  Pittsburgh. 

♦Chemist,  U.  S.  Bureau  of  Mines  Testing  Station,  Pittsburgh. 
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the  passage  of  volatile  matter  over  iron  walls  or  over  pipes 
which  are  not  heated  to  anything  like  the  temperature  of  the 
coal.  I  would  like  to  see  some  tests  made  to  determine  the 
effect  on  ammonia  of  iron  walls  heated  to  the  temperature  of  the 
up-take  pipes  of  the  oven. 

He  speaks  also  of  the  effect  of  lime  in  increasing  the 
ammonia  yield.  That  is  not  a  new  thing,  it  was  discovered  some 
years  ago  and  in  practice  it  has  been  discarded  after  trial  on 
account  of  the  slagging  of  the  lime  with  the  silica  brick  for  one 
thing,  and  possibly  also  from  the  effect  on  the  coke.  There  is  no 
question  but  that  the  addition  of  lime  increases  the  ammonia 
yield  but  it  seems  to  me  a  more  important  thing  is  the  rate  of 
heating  the  coal  and  the  rapidity  with  which  the  gases  are  driven 
cut  from  the  heated  space.  Mr.  Campbell  referred  to  a  yield 
cf  33  lb.  of  sulphate  in  a  laboratory  test.  The  test  referred 
to  was  made,  I  think,  in  a  glass  tube  on  20  grains  of  coal,  heated 
rapidly,  the  volatile  matter  being  driven  out  of  the  tube  rapidly 
without  passing  over  any  large  amount  of  heated  surface.  In 
by-product  coke  ovens  the  gases  pass  over  the  heated  tops  of  the 
overs  and  it  is  a  well  known  fact  that  the  yield  of  ammonia  is 
greater  the  fuller  the  oven.  In  a  vertical  gas  retort  the  yield 
of  ammonia  is  high  due  to  the  fact  that  the  gases  do  not  pass 
over  much  heated  surface. 

Mr.  Irving  C.  Allen  There  has  been  some  doubt  ex¬ 
pressed  by  the  second  speaker  of  the  evening  as  to  a  ready  mar¬ 
ket  for  the  tar  produced  from  the  coal-gas  ovens.  In  1S93  Dr. 
Diesel  of  Munich  published  his  first  treatise  on  an  internal- 
combustion  engine  burning  heavy  oils.  This  engine  has  been 
developed  since  that  time  to  a  success  in  Europe,  and  is  now 
being  built  and  used  extensively  in  England,  France,  Germany, 
Austria-Hungary,  Italy  and  Switzerland,  and  is  also  being  built 
at  several  places  in  the  United  States.  Because  of  its  low  and 
efficient  consumption  of  fuel  it  finds  its  particular  field  in  marine 
work.  This  type  of  engine  has  run  successfully  under  working 
conditions  on  many  kinds  of  heavy  oils,  such  as  heavy  petroleum 
products,  animal  and  vegetable  oils  and  also  gas  tars  and  tar 
oils.  That  it  can  and  has  burned  tar  oils  is  remarkable  and  is 

♦Petroleum  Chemist,  U.  S.  Bureau  of  Mines  Testing  Station,  Pittsburgh. 
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very  encouraging  to  the  coal-gas  men  as  opening  an  important 
and  growing  market  for  their  product.  When  it  is  considered 
that  about  0.4  pounds  of  oil  will  develop  one  horse-power  in  this 
engine,  the  possibilities  for  the  profitable  disposal  of  coal-gas 
tars  as  fuel  are  encouraging.  The  gentlemen  need  have  no  fear 
of  disposing  of  any  and  all  oil  that  they  can  produce. 

Mr.  W.  L.  Affelder:  Both  Mr.  Hartman  and  Mr.  Moore 
spoke  of  Pittsburgh  coal  containing  35  percent  volatile  matter 
not  coking  in  a  by-product  oven.  I  know  it  will  not  and  I 
would  like  to  know  why?  I  have  heard  it  stated  that  it  will  not 
coke  in  a  by-product  oven  because  the  coal  shrinks  too  much, 
whereas  a  low  volatile  coal  expands.  I  would  like  to  know 
whether  or  not  that  is  the  reason. 

Mr.  E.  A.  Moore  :  A  peculiarity  of  some  of  the  Pittsburgh 
high  volatile  coal  is  that  no  matter  what  the  heat  treatment  is  it 
does  not  produce  a  strong  structure  when  treated  by  itself.  It 
is  much  like  the  so-called  Ronco  coal  that  has  been  spoken  of,  or 
some  of  the  Klondike  coal,  it  will  not  produce  a  suitable  structure 
under  any  method  of  heat  treatment  that  we  have  discovered. 
It  volatilizes  so  rapidly  that  it  expands  and  makes  a  cellular 
structure  so  large,  and  the  walls  are  so  weak  that  when  it  is 
put  into  the  furnace  the  coke  is  so  fragile  it  breaks  down  and 
makes  it  very  difficult  to  operate  in  driving  the  blast.  That 
is  the  principal  manufacturing  feature,  aside  from  the  usual 
high  sulphur  content.  As  a  matter  of  fact  we  know  now  from 
the  results  we  have  obtained  in  the  past  four  or  five  months, 
from  our  friends  putting  in  the  Bethlehem  plant,  with  the  use 
of  that  kind  of  coal,  such  as  Ronco  and  Klondike,  and  mixing 
it  wTith  other  kinds  of  coal,  that  we  can  produce  the  right  kind 
of  coke  for  any  blast  furnace  requirements  so  far  as  structure 
is  concerned.  Every  coal  we  treat  is  of  a  different  nature.  It 
has  to  be  tried  to  find  out  what  heat  treatment  it  will  stand. 
In  Indianapolis  we  did  not  get  good  results  from  Kentucky 
coal  by  itself.  We  procured  in  West  Virginia  34  percent  vola¬ 
tile  coal,  but  in  using  it  we  found  immediately  we  would  have 
to  change  the  heat  conditions.  In  forty-eight  hours  from  that 
time  we  produced  coke  as  favorable  in  structure  in  comparison 
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with  Connellsville  coke  as  anything  could  be.  And  from  that 
day  a  large  trade  has  been  developed  in  strictly  high  grade 
foundry  coke.  At  times  the  company  has  been  150  cars  behind 
in  their  orders.  It  is  especially  suitable  for  the  foundries 
making  light  iron  castings  requiring  low  sulphur.  They  guar¬ 
antee  the  sulphur  to  be  0.6  and  under,  and  %  to  1  percent  moist¬ 
ure. 

The  Author  :  Because  of  the  lateness  of  the  hour,  I  will 
not  try  to  cover  all  the  points  that  have  been  brought  up.  Mr. 
Campbell  mentioned  low  ammonia  yield  with  increased  heat  and 
low  coking  time.  We  are  working  on  that  subject  and  are  im¬ 
proving  the  conditions  over  present  construction ;  not  only  at¬ 
tempting  to  keep  the  ascension  pipe  cool  by  water  cooling  it, 
but  we  are  also  lowering  the  horizontal  flue  to  keep  the  products 
of  combustion  below  the  gas  space  so  that  the  gas  space  above 
the  coal  is  not  exposed  to  so  much  heat. 

With  reference  to  the  Otto  direct  process,  we  are  not  able 
to  see  that  in  this  country.  It  has  been  on  the  market  a  number 
of  years  in  Germany  I  understand.  I  saw  a  few  of  the  plants 
over  there. 

Regarding  the  statement  that  the  Koppers  oven  makes  small 
coke  and  therefore  Koppers  sa}rs  small  coke  is  the  best  kind  of 
coke  to  use  in  the  blast  furnace.  I  may  say  that  in  some  cases 
we  are  putting  crushers  in  to  break  the  coke.  I  think  that  is  all 
that  is  necessary  to  answer  that  point.  At  Joliet  the  coke  under 
one  inch  is  2%  to  3  percent. 

Mention  was  made  of  a  test  run  on  14  hours  coking  time 
without  any  statement  as  to  the  width  of  the  ovens.  Of  course 
if  the  ovens  were  about  two  inches  wide  it  might  be  expected  • 
that  you  could  run  on  about  two  hours  coking  time. 

Mr.  E.  A.  Moore:  The  ovens  were  llJ/2  in.  wide. 

The  Author:  I  understand  at  Duluth  in  the  last  year  or 
two  they  have  substituted  some  of  the  quartzite  with  silica 
brick. 

Mr.  E.  A.  Moore:  In  the  tops  and  bottoms. 

The  Author:  We  acknowledge  that  the  quenching  car 
with  us  is  not  a  new  thing  at  all,  but  it  is  a  good  thing. 
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I  want  to  say  on  behalf  of  the  Coke  Committe  that  they  not 
only  investigated  the  different  types  of  oven  before  they  adopted 
Mr.  Koppers  oven,  but  also  when  they  were  ready  to  look  into 
oVens  again  for  the  Gary  and  the  Corey  plants,  the  Solvay  and 
Otto  ovens  were  investigated  as  to  their  merits  and  their  de¬ 
velopment  in  the  intervening  time. 

Dr.  Parker  mentioned  the  plants  in  Mexico.  These  are 
waste  heat  oven  plants.  There  are  no  by-products  recovered. 
The  ovens  are  heated  by  the  gases  coming  from  the  ovens  burn¬ 
ing  in  vertical  flues.  I  believe  in  his  discussion  he  mentioned 
that  the  coke  was  being  coked  in  from  18  to  20  hours.  If  that 
is  so  it  is  an  error,  because  it  is  a  relatively  slow  process,  48 
hours  or  more. 

In  respect  to  the  Ronco  and  Klondike  coal,  Mr.  Campbell  in 
his  discussion  took  care  of  that.  As  to  the  difference  in  coking 
time  due  to  wet  coal  I  am  not  able  to  state  with  accuracy.  Pos¬ 
sibly  Mr.  Moore  could  give  closer  information  on  that  point. 
Mr.  Parker  asked  just  how  much  difference  could  be  figured  on 
for  coking  time  with  wet  coal.  I  know  it  takes  longer,  but  I 
am  not  in  position  to  say  just  how  much  longer  with  a  definite 
amount  of  moisture. 

Mr.  E.  A.  Moore:  That  depends  altogether  on  the  moisture 
and  the  fineness  of  the  coal  when  it  is  put  into  the  oven  and  the 
rapidity  with  which  you  raise  the  heat.  You  can  coke  it  just 
as  rapidly  as  dry  coal  but  you  are  liable  to  do  more  or  less 
damage  to  the  coke  if  the  nature  of  the  coal  is  such  as  to  enlarge 
the  cellular  structure.  You  are  liable  to  produce  water  gas  and 
increase  the  volume  but  reduce  the  heat  value.  Ordinarily  we 
*  say  it  takes  about  three  hours  longer  with  10  to  12  percent 
moisture  under  normal  heat  conditions  as  compared  with  dry 
coal. 

The  Author  :  That  is  my  general  impression  but  I  wanted 
to  get  your  experience  on  the  matter. 

Mr.  Parker  also  asks  whether  or  not  crushing  coal  is  not 
always  of  an  advantage.  We  have  lately  come  to  the  opinion, 
which  is  to  be  proven  to  a  greater  or  less  extent  by  experience, 
that  if  the  coal  is  clean,  without  slate,  and  is  only  one  kind  of 
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coal  and  not  a  mixed  coal,  it  is  not  so  necessary  to  crush  it  tine. 
And  I  might  cite  the  Otto  plant  at  Duluth.  They  are  using  % 
in.  Pittsburgh  coal  screenings  without  any  further  crushing. 

Regarding  the  cost  of  bee  hive  and  by-product  ovens,  in  my 
paper  I  gave  the  price  of  bee  hive  ovens  as  from  $700  to  $800 
but  I  may  be  wrong.  In  that  I  included  all  the  machinery  in 
connection  with  the  ovens  and  I  mean  the  entire  installation. 
And  the  by-product  plant  at  $12  000  to  $18  000,  depends  on  the 
size  of  the  plant,  location  and  many  other  features;  but  half 
of  that,  approximately,  would  be  for  the  battery  end.  This 
makes  the  comparison  about  as  I  stated,  I  believe. 

Regarding  the  figures  for  maintenance,  operation  and  re¬ 
pairs;  specific  figures  can  always  be  given  but  it  is  difficult  to 
give  them  in  general. 

Mr.  J.  R.  Campbell:  In  regard  to  the  questions  of  kinds 
of  coal  used  at  Joliet,  Illinois  and  Gary,  Indiana,  in  the  by¬ 
product  ovens,  raised  by  Mr.  Parker,  and  amplifying  Mr.  Hart¬ 
man’s  terms,  the  Klondike  coal  is  from  the  Lower  Connellsville 
region  of  Pennsylvania  and  the  Ronco  coal  is  from  a  mine  lo¬ 
cated  in  this  field;  the  Pocahontas  coal  is  from  the  Tug  River 
field  and  the  Illinois  coal  referred  to  is  usually  from  the  Rend 
No.  2  mine  in  Franklin  County,  I  believe. 

With  reference  to  Mr.  Keighley’s  remarks  on  the  effect  of 
sulphur  on  plant  life,  as  intimated  by  him,  I  did  not  wish  to 
convey  the  impression  that  the  sulphur  in  the  ammonia  sulphate 
acts  deleteriously.  The  compound  T  mentioned  was  ammonium 
sulpho-cyanide.  All  cyanides  are  poisonous  and  it  is  this  thought 
I  had  in  mind  in  my  remarks  upon  its  effect  upon  vegetation  if 
allowed  to  contaminate  the  ammonium  sulphate  in  its  original 
form  in  the  Otto  direct  process. 

Referring  to  Dr.  Porter’s  remarks,  I  did  not  wish  to  con¬ 
vey  the  impression  that  the  catalytic  effect  of  iron  and1  certain 
iron  compounds  on  the  NH3  yield  accounted  entirely  for  the  low 
practical  yield  or  losses  of  NHVi.  1  merely  mentioned  it  as  one 
of  the  contributing  causes  and  the  fact  that  both  Mr.  Hartman 
and  Mr.  Koppers  realize  this  and  are  endeavoring  to  overcome 
it  by  certain  modifications  in  the  Kopper  oven  is  very  good 
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proof  that  there  is  something  in  the  claim  even  though  all  our 
data  must  necessarily  be  based  on  laboratory  experiments. 

Also,  we  did  not  intend  to  convey  the  impression  that  we 
had  made  a  discovery  in  the  use  of  lime  to  increase  the  NH 3 
yield.  We  simply  bring  that  point  in  here  to  show  the  cata¬ 
lytic  effect  of  certain  elements  on  the  M3  yield.  However, 
with  reference  to  Dr.  Porter’s  objection  to  the  use  of  lime,  I 
have  never  seen  any  ill  effects  from  the  use  of  crushed  lime¬ 
stone  with  the  coking  charge  either  upon  the  oven  walls  or  the 
coke  itself  where  the  limestone  is  judiciously  used  and  in  ac¬ 
cordance  with  the  laws  of  chemical  combination. 

Dr.  Diehl  has  made  a  very  valuable  contribution  to  the 
literature  on  the  subject  in  which  he  points  out  that  no  ill 
effects  can  take  place  if  a  mono-silicate  is  formed  during  the 
coking  process.  And  it  seems  to  me  he  shows  conclusively  that 
there  is  no  danger  from  the  slagging  action  upon  the  brick. 

I  was  very  much  interested  in  the  remarks  on  the  brick 
question.  I  wish  to  say  that  the  H.  C.  Frick  Coke  Company  did 
buy  the  first  silica  brick  about  twenty  years  ago  and  the  last 
account  I  had  all  the  ovens  constructed  from  these  brick  are 
still  standing  and  in  good  shape.  At  least  I  saw  one  or  two 
of  them  a  few  years  ago  when  they  were  in  first  class  condition. 

The  man  Bradley  referred  to  I  wish  to  say  is  still  alive. 
His  son  lives  in  my  town  and  is  the  proprietor  of  a  grocery  store. 
I  have  often  talked  to  him  about  the  hopes  and  disappointments 
of  his  father  in  regard  to  this  silica  brick  business.  His  father 
is  not  a  “dead  one”  yet  by  any  means.  I  often  see  silica  brick 
that  he  is  now  experimenting  with  under  a  new  process  and  his 
son  has  endeavored  to  introduce  the  idea. 

We  are  under  the  impression  that  the  brick  Bradley  made 
were  not  burned,  being  simply  mixed,  molded  and  allowed  to 
bake  in  the  sun  and  air.  The  improvement  that  Kier  probably 
made  was  to  calcine  the  brick  at  a  high  temperature  starting 
an  incipient  fusion  which  made  them  hold  together.  A  first 
class  lime  bond  brick  nowadays  will  not  run  over  14  percent 
breakage  and  contains  usually  less  than  two  percent  lime.  The 
proper  designation  of  this  class  of  refractories  is  lime  bond 
silica  brick  in  distinction  from  clay  bond  silica  brick  and  straight 
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tire  clay  brick.  There  is  no  question  hut  what  t lie  lime  bond 
brick  is  rapidly  supplanting  other  kinds  of  refractory  material 
where  high  temperatures  must  be  maintained  continuously.  In 
my  estimation  it  is  the  only  kind  of  material  for  this  con¬ 
struction. 


[A  partial  bibliography  of  recent  literature  on  By-Product  Coke  Ovens 
is  appended  and  it  is  desired  to  acknowledge  the  assistance  of  the  Tech¬ 
nology  Department  of  the  Carnegie  Library  of  Pittsburgh  in  its  prepara¬ 
tion. — Editor.] 
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COMPRESSING  NATURAL  GAS 


By  E.  D.  Leland* 


Natural  gas  is  not  a  new  discovery,  for,  in  remote  history 
we  learn  of  the  “Eternal  Fires”  which  gave  inspiration  to  the 
Persian  Fire-Worshippers  on  the  shores  of  the  Caspian  Sea, 
and  we  read  of  the  “Dwelling  of  Fire”  in  oriental  Georgia, 
where  the  pits  of  gas  furnished  the  weavers  of  the  country 
with  light  and  heat.  The  history  of  the  “Burning  Fountain” 
near  Grenoble.  France,  was  told  in  1618.  The  “Burning  Well” 
of  Lancashire,  England,  was  tested  in  1667.  The  “Fire  Wells” 
of  Western  China,  six  inches  in  diameter  and  from  1  500  to 
2  000  ft.  deep,  were  described  by  missionaries  in  1833.  Trav¬ 
ellers  tell  of  natural  gas  in  the  oil  pools  of  Japan.  Later  we 
hear  of  the  stream  of  bituminous  gas  which  is  used  to  illumi¬ 
nate  one  of  the  salt  mines  of  Hungary,  and  we  know  that  in 
Belgium  similar  streams  occurred,  and  near  Chittagong,  India, 
natural  gas  is  reported  as  flowing  from  a  crevice. 

In  our  own  country  George  Washington  visited  a  “Burn¬ 
ing  Spring”  in  West  Virginia.  In  1819,  near  Marietta,  Ohio,  a 
well  400  feet  deep  gave  out  vast  quantities  of  gas  and  oil.  In 
1824,  at  Fredonia,  N.  Y.,  natural  gas  was  used  for  illuminating 
purposes.  In  1841  it  was  used  for  heating  salt  water  in  the 
Great  Kanawha  valley  in  West  Virginia.  In  1850,  near  Titus¬ 
ville,  Pa,  a  vein  of  carburetted-hydrogen  gas  was  struck  at  a 
depth  of  69  feet.  From  the  drilling  of  the  first  oil  well  in  1859 
the  history  of  natural  gas  has  run  parallel  with  the  develop¬ 
ment  of  the  oil  industry.  As  early  as  1869  the  pumps  on  the 
various  oil  wells  were  drawing  gas  from  them  for  use  under 
drilling  boilers.  Short  lines  were  laid  and  in  many  places 
houses  and  villages  began  to  use  the  gas. 


♦Superintendent  of  Compressing  Stations,  Philadelphia  Company, 
Pittsburgh. 


Presented  before  the  Mechanical  Section  June  4th,  1912  and  published 
in  the  June  Proceedings. 
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The  original  rock  pressures  of  the  gas  wells  were  some¬ 
times  very  high.  In  Pennsylvania  they  ranged  from  800  to 
850  lb.,  even  to  1  200  11).  The  first  well  drilled  in  Findlay, 
Ohio,  in  1886,  had  a  rock  pressure  of  450  lb.  The  original  rock 
pressure  in  the  Indiana  field  was  326  lb.  West  Virginia  rock 
pressures  ranged  from  700  to  1  300  lb.  In  the  Kansas  gas 
fields  the  original  pressures  were  from  230  to  600  lb. 


Fig.  1.  Gas  Compressing  Station  at  Greentown,  Indiana. 

The  first  high  pressure  gas  compressing  station  erected  in  the  United  States. 


The  growth  of  the  industry,  with  longer  pipe  lines  and 
decreasing  rock  pressures,  introduced  new  conditions,  so  that 
compressing  the  gas  was  resorted  to,  and  because  the  bulk  of  the 
natural  gas  thus  far  produced  has  been  obtained  in  this  country, 
this  compressing  work  has  been  almost  entirely  an  American 
development,  although  much  interest  has  been  taken  in  our 
methods  by  the  visiting  engineers  of  Russia,  Hungary,  Ger¬ 
many  and  other  countries. 
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From  the  comparatively  small  amount  used  in  1872,  the 
year  in  which  the  first  natural  gas  pipe-line  was  laid,  the  pro¬ 
duction  lias  increased  and  the  business  expanded  until,  in  1010, 
in  this  country,  natural  gas  was  being  produced  in  22  states 
and  from  a  total  of  over  twenty-six  thousand  wells,  while  the 
value  amounted  to  over  seventy  million  dollars.  The  following 
table,  arranged  from  the  Mineral  Resources  of  the  United  States, 
of  1910,  will  show  in  detail  the  extent  of  the,  natural  gas  busi¬ 
ness  in  the  various  producing  states: 


TABLE  No.  1 


State 

Cu.  Ft.  of  Gas 

Value 

Numbei*  of 

Number  of 

Produced  in 

Productive 

Acres  Con-  . 

1910 

Wells  on 

trolled  by  Gas 

Dec.  31,  1910 

Companies 

West  Virginia. 

.190 

705  869  000 

$23  816  553 

3  775 

3  348  286 

Pennsylvania. . 

126 

866  729  000 

21  057  201 

10  029 

1  949  733 

Ohio . 

.  48 

232  406  000 

8  626  954 

4  375 

1  423  351 

Kansas  . 

.  59 

380  157  000 

7  755  367 

2  107 

455  659 

Oklahoma  . 

.  50 

429  646  000 

3  490  704 

502 

920  410 

New  York . 

.  6 

009  598  000 

1  678  720 

1  411 

515  432 

Indiana  . 

.  5 

760  252  000 

1  473  403 

2  705 

202  657 

Louisiana . 

91 

382  265 

Texas  . 

.  8 

110  502  000 

956  683 

59 

457  414 

Alabama . 

18 

23  570 

Illinois  . 

.  6 

723  386  000 

613  642 

435 

107  233 

California  . 

.  2 

764  507  000 

476  697 

55 

1  549 

Kentucky  .  . . . 

.  1 

356  771  000 

456  293 

217 

138  420 

Arkansas . 

103 

22  327 

Colorado  . 

.  2 

704  948  000 

301  151 

5 

35 

Wyoming . 

20 

3  164 

South  Dakota 

•  • 

.43  374  000 

31  999 

40 

Missouri  . 

47  144  000 

12  611 

49 

2  513 

North  Dakota 

•  • 

17  620  000 

7  010 

19 

21  200 

Michigan  . 

1  220  000 

820 

r? 

1 

Tennessee  . 

1  200  000 

300 

5 

500 

Iowa 

80  000 

40 

6 

Total  . 

509 

155  309  000 

$70  756  158 

26  033 

9  975  718 

4 

Gas,  while  a  very  convenient  fuel,  is  also  one  of  the  most 
bulky,  and  when  we  consider  that  on  a  very  cold  day  in  the 
Pittsburgh  District  over  five  hundred  million  cubic  feet  of  gas 
is  consumed,  a  volume  more  than  sixty  times  as  great  as  the 
bulk  of  this  Oliver  Building,  in  which  we  are  meeting,  we  can 
begin  to  realize  the  difficulty  involved  in  the  dailv  deliverv  of 
such  a  volume  of  gas,  and  the  magnitude  of  the  transportation 
problem  becomes  apparent.  For  supplying  such  vast  quantities, 
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extensive  pipe-line  systems  are  required,  and  through  these  lines 

the  gas  flows  from  West  Virginia  to  Pittsburgh  at  an  average 

rate  of  about  42  mi.  per  lir.,  while  the  expanded  gas  as  it  nears 

the  city  moves  at  the  astonishing  rate  of  65.62  mi.  per  hr.,  or 

over  962  ft.  per  sec.  In  order  to  keep  the  diameters  of  the  pipe 

lines  within  reasonable  limits,  and  their  cost  at  practical  figures, 

it  is  customary  to  compress  the  gas,  either  in  the  field,  or  at  a 

suitable  point  on  the  pipe-line  system,  and  thus  reduce  its  bulk 
*  • 

for  transportation.  This  custom,  or  necessity,  has  brought 
about  the  development  and  installation  of  the  modern  compres¬ 
sing  station,  and  the  successful  delivery  of  the  required  amount 
of  gas  is  dependent  upon  the  reliable  operation  of  such  stations. 
To  show  how  compressing  the  gas  increases  the  transportation 
capacity  of  the  pipe-lines,  let  us  consider  the  case  of  a  16  in. 
line  100  mi.  long,  with  an  initial  pressure  of  100  lb.  at  the  field 
end,  and  a  terminal  pressure  of  10  lb.  at  the  city  end.  This 
would  carry  about  12  700  000  cu.  ft.  per  24  hr.  A  compressing 
station,  by  raising  the  initial  presure  to  350  lb.,  would  increase 
the  amount  to  41  300  000  cu.  ft.  per  24  hr.  Again  take  the  case 
of  a  16  in.  line,  200  mi.  long.  An  initial  pressure  of  350  lb. 
and  terminal  pressure  of  10  lb.,  would  give  a  delivery  of  27  000- 
000  cu.  ft.  per  24  hr.  By  installing  a  relay  station  near  the 
center  of  the  line  and  restoring  the  pressure  to  350  lb.,  the  de¬ 
livery  would  be  raised  to  40  000  000  cu.  ft.  per  24  hr. 

Some  have  suggested  installing  gas  exhausters,  or  rotary- 
blowers,  near  the  delivery  ends  of  the  large  supply  lines  to  a 
city,  in  order  to  increase  the  rate  of  flow  through  the  long  lines. 
In  the  early  days  of  the  natural  gas  industry,  a  few  stations 
of  this  type  were  built,  but  such  a  method  is,  however,  neither 
feasible  nor  economical. 

Members  of  this  Society,  having  had  considerable  exper¬ 
ience  with  the  use  of  natural  gas  for  fuel  and  power  purposes, 
are  familiar  with  many  of  the  problems  involved  in  its  produc¬ 
tion  and  transportation,  and  they  are  in  no  danger  of  making 
the  mistake  of  many,  otherwise  well-informed  citizens,  who  en¬ 
tertain  the  idea  that  the  chief  function  of  a  compressing  station 
is  to  pump  air  into  the  gas  lines  for  the  purpose  of  increasing 
the  meter  readings.  These  good  people  appear  to  entirely  over- 
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look  the  fact  that  anywhere  from  seven  to  twenty  volumes  of  air 
mixed  with  one  volume  of  gas  forms  an  explosive  mixture,  and 
that  the  presence  of  such  a  mixture  in  the  gas  lines  would 
invite  disastrous  results. 

Several  years  ago  a  company  in  Indiana,  after  repairing 
a  10  in.  gas  line,  used  air  for  testing  purposes.  An  explosion 
resulted,  probably  due  to  gas  or  oil  vapor  that  had  remained  in 
the  pipes,  and  twelve  miles  of  pipe  line  was  ruined,  part  of  it 
being  blown  entirely  out  of  the  ditch.  This  incident  shows 
what  might  occur,  if,  for  any  reason,  air  was  introduced  into 
gas  lines.  The  resulting  danger  is  both  well  understood  and 
carefully  guarded  against  by  practical  gas  men. 

An  example  of  this  care  is  shown  in  the  course  pursued 
in  case  of  repairs  to  any  of  the  large  low  pressure  gas  mains  in 
Pittsburgh,  where  a  portable  vacuum  pump,  driven  by  a  gaso¬ 
line  engine,  is  used  to  exhaust  the  air  that  may  have  entered 
the  pipes,  while  the  repairs  were  in  progress,  and  to  make  cer¬ 
tain  that  the  air  is  removed,  this  vacuum  is  carried  down  to 
as  low  as  17  in.  of  mercury. 

The  success  of  such  careful  and  persistent  effort  is  pleas¬ 
ingly  shown  by  the  results  of  the  government  tests  in  Pitts¬ 
burgh,  as  reported  by  Geo.  A.  Burrell,  of  the  Bureau  of  Mines, 
at  the  recent  Kansas  City  Convention  of  the  Natural  Gas  As¬ 
sociation  of  America,  when  he  stated  that  ‘‘samples  of  the 
natural  gas  sold  in  Pittsburgh  have  been  tested  at  the  govern¬ 
ment  laboratories  twice  a  week  for  the  past  three  years  and  no 
trace  of  air  found  in  the  gas.” 

The  first  natural  gas  compressing  station  in  this  country 
was  erected  in  1880  by  Charles  E.  Hequembourg  of  Dunkirk, 
N  Y.,  one  of  the  pioneer  natural  gas  engineers.  This  station 
of  6  000  000  cu.  ft.  daily  capacity  was  located  at  Rixford,  Pa., 
and  pumped  gas  to  the  city  of  Bradford  through  eleven  miles 
of  seven  inch  cast  iron  pipe.  The  first  compressor  installed  was 
a  duplex  steam-driven  machine  with  21  in.  steam  cylinders,  26 
in.  gas  cvlinders,  and  30  in.  stroke.  Eater  three  smaller  com¬ 
pressors  of  thr-  same  type  were  added,  and  all  the  machines 
remained  in  successful  operation  until  that  particular  field  was 
exhausted. 
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Later  they  were  moved  to  Indiana,  where  we  used  them  in 
1891  for  testing  pipe-lines,  and  were  ultimately  sold  for  com¬ 
pressing  air  in  the  coal  mines  of  Illinois.  This  is  certainly  a 
very  creditable  record  for  the  earliest  natural  gas  compressor 
in  use. 


Fig.  2.  Boiler  House  of  Gas  Compressing  Station  at  Summitville,  Ind. 

This  station  originally  used  gas  for  fuel  and  later  changed  to  coal. 
View  shows  station  when  raising  stacks  to  meet  new  conditions. 

In  1892,  at  Greentown,  Indiana,  we  completed  the  first 
station  designed  for  compressing  large  quantities  of  natural  gas 
to  extremely  high  pressures.  The  problem  was  to  continuously 
deliver  an  adequate  supply  through  two  eight  inch  lines  120 
mi.  long.  In  1892,  before  the  completion  of  the  pipe  lines,  we 
used  the  station  machinery  to  compress  the  gas  into  large  steel 
tanks  under  a  pressure  of  700  lb.  per  sq.  in.,  which  were  shipped 
to  Chicago  The  pipe  lines  when  completed  were  tested  at  600 
lb.  air  pressure  and  the  station  was  designed  for  these  high 
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pressures.  The  ordinary  delivery  pressure  was  somewhat  lower, 
but  the  compressors  proved  amply  able  to  compress  gas  up  to  the 
maximum  pressure  whenever  required,  and  the  installation  re¬ 
mained  in  successful  operation  during  the  life  of  the  Indiana 
gas  field.  In  1898,  because  of  the  decline  of  the  gas  field,  we 
resorted  to  compound  compression,  using  eight  units  for  the 
first  compression,  and  the  other  four  units  on  the  second  com¬ 
pression. 

The  compressing  machinery  of  this  station  was  designed  by 
the  well-known  air  and  gas  compressing  expert,  Mr.  Ebenezer 
Hill,  and  it  is  interesting  to  note  that,  even  at  this  early  date,  it 
contained  many  of  the  important  and  desirable  features  of  the 
most  successful  compressors  in  use  at  the  present  time.  So  well 
were  the  compressors  planned,  that  one  of  the  original  type,  a 
machine  built  17  vears  ago,  has  been  in  steadv  and  satisfactory 
operation  throughout  the  recent  severe  winter,  most  of  the  time 
running  24  hours  a  day. 

As  the  large  quantity  of  natural  gas  used  each  day  in  Chi¬ 
cago  rendered  storage  capacity  for  a  sufficient  reserve  supply 
near  the  city  entirely  out  of  the  question,  it  was  most  essential 
that  a  continuous  delivery  should  be  maintained  by  the  pipe¬ 
lines  and  compressing  station.  Hence  the  installation  was  plan¬ 
ned  to  consist  of  twelve  straight-line,  steam-driven  compressor 
units  of  moderate  size,  in  order  that  an  accident  to  any  one 
machine  would  not  seriously  affect  the  delivery  capacity  of  the 
station.  The  wisdom  of  this  precaution  is  manifest  when  one 
considers  that  in  1892  we  were  just  entering  the  then  unknown 
field  of  high  pressure  gas  compressing  work,  and,  as  there  was 
no  one  who  possessed  a  fund  of  experience  upon  which  to  draw, 
many  features  were  necessarily  experimental,  and  machinery 
troubles  were  to  be  expected.  Later  in  the  history  of  gas  com¬ 
pressing,  engineers  felt  justified  in  venturing  upon  larger  and 
fewer  units  at  any  particular  station.  In  fact,  as  early  as  1896, 
the  Fort  Wayne  Gas  Company  installed  some  large  cross-com¬ 
pound  Corliss  engines  that  were  used  until  the  practical  ex¬ 
haustion  of  the  Indiana  gas  field,  and  were  then  sold  for  use 
in  compressing  gas  in  the  Ohio  and  Kansas  gas  fields,  where  they 
are  now  running  and  giving  good  service. 
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In  planning  the  modern  compressing  station  the  principal 
factors  to  be  considered  are  the  compressors,  the  motive  power, 
and  the  general  arrangements  tending  to  promote  safety  and 
continuous  operation.  All  of  these  demand  attention,  for  we 
must  consider  the  station  as  a  unit  and  realize  that  any  weak¬ 
ness  or  defect  resulting  in  a  shutdown,  defeats  the  purpose  for 
which  the  station  was  built  and  may  cause  a  gas  shortage  at  a 
critical  time. 

A  gas  compressor  is  practically  an  air  compressor  designed 
to  operate  under  the  higher  pressures  usually  required  in  nat¬ 
ural  gas  transportation.  The  high  pressure  compressing  ex¬ 
perience  of  nearly  twenty  years  ago  soon  showed  the  essentials 
of  reliable  compressing  machinery,  and  since  that  time  there 
has  existed  no  necessity  for  experimenting  in  order  to  obtain 
reliable  compressors,  nor  has  there  been  any  valid  excuse  for  a 
failure  to  deliver  gas  on  account  of  defective  machinery. 

The  desirable  features  of  good  compressing  machinery  are 
long-stroke  cylinders,  tending  to  high  volumetric  efficiency;  con¬ 
ical  cylinder  heads,  giving  strength  combined  with  ample  valve 
area;  solid  one-piece  intake  and  delivery  valves  with  short  lift, 
avoiding  troubles  from  broken  valves  and  from  valve-stem  nuts 
working  off ;  removable  liners  for  convenience  in  renewals ;  and, 
pistons  of  adequate  strength  for  the  pressures  encountered.  The 
long  stroke  machines,  with  their  less  frequent  revolutions,  in  a 
measure  avoid  the  trip-hammer  effect  that  has  proven  so  in¬ 
jurious  to  valves  and  seats,  and  thus  the  life  of  the  valves  is 
materially  increased. 

As  an  instance  of  what  should  now  be  expected  in  compres¬ 
sor  performance  I  will  cite  the  record  of  four  compressors  in¬ 
stalled  in  1904,  and  which  have  been  in  almost  constant  opera¬ 
tion  ever  since.  They  have  been  steadily  compressing  gas  to 
pressures  ranging  from  200  to  275  lb.,  and  are  still  operating 
successfully  with  the  original  intake  and  delivery  valves  that 

came  with  the  machines.  Furthermore,  at  no  time  has  a  shut 

* 

down  been  caused  by  valve  troubles.  Such  a  record  leaves 
little  to  be  desired  from  the  standpoint  of  reliable  service. 

Mechanically  driven  valves  of  several  types  have  been  tried 
with  varying  success,  but  the  grit  in  the  gas  and  other  conditions 
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caused  trouble,  and  experience  has  shown  that  the  smaller  pop¬ 
pet-valve  is  the  most  reliable  type.  The  compressor  cylinders 
should,  of  course,  be  properly  water-jacketed,  not  alone  because 

such  jacketing  has  some  effect  in  cooling  the  gas  during  com- 

» 

pression,  but  also  because  the  water  keeps  the  cylinder  walls 
cool  and  thus  helps  the  lubrication.. 

The  question  of  motive  power  next  arises.  Its  proper  solu¬ 
tion  depends  on  questions  of  reliability,  of  safety,  upon  the 
location  cf  the  station,  the  duration  of  the  gas  field,  the  price 
and  availability  of  fuels,  and  also  upon  the  cost  of  installation. 

As  to  the  reliability  of  operation :  There  the  steam  engine 
easily  ranks  first  with  its  long  list  of  satisfactorj"  performances 
of  both  large  and  small  units  for  various  purposes  on  land,  as 
well  as  its  fine  record  of  continuous  service  at  sea,  even  under 
the  severe  requirements  met  with  in  modern  naval  expansion 
and  ocean  steamship  competition.  “Power'’  tells  of  a  122  h.  p. 
steam  engine  in  Philadelphia  which  has  been  in  continuous 
service  for  64  years,  part  of  the  time  running  both  day  and 
night,  and  of  another  engine,  built  in  1847,  of  450  rated  h.  p., 
which  at  times  developed  900  h.  p.,  and  which,  after  running 
for  50  years,  was  overhauled  and  started  on  a  new  career  of 
usefulness.  It  also  mentions  a  pair  of  twin  engines,  furnishing 
power  for  the  Wheeler  &  Wilson  machine  shops  at  Bridgeport, 
Connecticut,  which  completed  a  run  of  44  years  without  being 
shut  down  in  working  hours  to  exceed  a  total  of  one  and  one- 
half  hours  during  the  whole  period.  Nearly  all  are  familiar 
with  the  record  of  the  famous  Centennial  Corliss  engine  that  ran 
the  machinery  at  the  Philadelphia  Exposition  in  1876  and  then 
furnished  power  for  so  many  years  to  the  large  Pullman  car 
shops  near  Chicago. 

At  the  recent  Pittsburgh  Convention  of  the  Natural  Gas 
Association,  one  of  the  members  who  is  in  charge  of  a  station 
containing  nine  large  internal  combustion  engines,  when  speak¬ 
ing  of  the  greater  possibility  of  maintaining  the  efficiency  of 
the  steam  engine  as  compared  with  another  type  of  prime  mover, 
said:  “The  gas  engine  is  such  that  if  its  efficiency  begins  to 
decrease  it  is  only  a  question  of  a  day  or  two  when  you  cannot 
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run  it  at  all,  whereas  with  a  steam  engine  it  simply  imposes 
more  work  on  the  boilers.” 

This  is  in  line  with  the  observation  of  Mr.  George  Westing- 
house.  who  in  February  of  this  year  refers  to  “the  generally 
recognized  fact  that  no  internal  combustion  engine  of  any 
known  type  can  ever  operate  with  the  same  freedom  from  ac¬ 
cidents  and  interruptions  as  do  modern  steam  engines,  turb¬ 
ine  or  reciprocating.” 


Fig.  3.  Interior  of  Boiler  House,  Gas  Compressing  Station,  Downs, 

W.  Va. 

View  shows  simplicity  and  convenience  of  gas  burner  arrangement. 
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Of  course  all  steam-driven  compressing  stations  are  not 
equally  reliable  installations,  for  experience  is  valuable  in  gas 
compressing  work  as  is  the  case  in  all  other  branches  of  busi¬ 
ness,  and,  if  in  planning  a  compressing  plant,  the  results  of  past 
experience  are  ignored,  the  penalty  of  unreliable  service  and 
increased  expense  follows  as  the  natural  result. 

For  compressing  gas  in  small  quantities  or  for  draining 
nearly  exhausted  pools,  many  types  and  kinds  of  compressing 
machinery  have  been  or  are  in  use.  We  have  the  standard, 
straight-line,  steam  engine  driven  compressor,  usually  with  the 
ordinary  dat  steam  valve  and  Meyer  cut-off,  the  type  of  machine 
used  for  years  in  air  compressing  work.  AVe  have  the  straight- 
line  two-cycle  and  the  straight-line  four-cycle,  gas  engine  driven 
compressor.  These  machines  are  easy  to  erect  and  the  founda¬ 
tions  not  expensive.  AVe  have  rotar}r  blowers  belted  to 
either  steam  engines  or  gas  engines,  and  where  it  is  desired  to 
accelerate  the  flow  of  low  pressure  gas  in  short  lines  such  blow¬ 
ers  may  serve  a  useful  purpose.  They  should  not,  however,  be 
used  against  a  head  of  over  three  or  four  pounds,  as  above  that 
point  the  gas  leaking  back  through  the  blower  prevents  good 
results.  In  some  cases  the  high  speed  gas  engine  connected  by 
rope  drive  to  a  slower  speed  and  longer  stroke  compressor, 
proves  a  good  arrangement.-  It  not  only  affords  relief  from  the 
undesirable  features  of  the  short-stroke  compressor,  but  it  also 
makes  it  feasible  to  locate  the  engine  at  a  safe  distance  from 
the  compressor.  AVhile  the  necessarily  quick  starting  of  a  gas 
engine  is  more  liable  to  cause  trouble  by  breaking  the  ropes  or 
by  throwing  them  out  of  their  grooves,  than  is  the  case  with  the 
slower  starting  steam  engine,  still  with  this  type  of  plant  fairly 
good  results  have  obtained  with  either  steam  or  gas  engines  and 
with  either  the  English  or  American  rope  drive  system.  Hut, 
on  the  whole,  in  view  of  the  distance  advisable  between  engine 
and  compressor,  the  American  system  is  to  be  preferred. 

In  fact,  at  unimportant  points,  almost  any  type  of  compres¬ 
sor  will  prove  good  enough  for  the  purpose.  But  for  continuous 
and  reliable  service  in  compressing  large  quantities  of  gas,  the 
modern  cross-compound  Corliss  engine,  directly  connected  to  the 
compressing  cylinders,  makes  an  ideal  installation.  This  en- 
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gine  is  particularly  well  adapted  for  the  long  stroke  and  mod¬ 
erate  speed  so  desirable  in  compressing  gas,  and  practical  gas 
engineers  thoroughly  understand  that  the  changing  pressure 
conditions  in  field  and  main  lines  are  also  well  met  by  the  flexi¬ 
bility  and  high  overload  capacity  of  this  type  of  prime  mover. 
So  well  is  this  fact  recognized  that  in  the  stations  delivering 
gas  to  the  Pittsburgh  District  we  And  39  Corliss  engine  driven 
compressors  installed,  comprising  a  total  maximum  capacity  of 
over  76  000  h.  p. 

A  general  idea  of  the  varied  pressure  conditions  encounter¬ 
ed  in  compressing  gas  will  be  obtained  from  the  following  table, 
showing  the  range  of  delivery  pressures  at  the  thirteen  com¬ 
pressing  stations  of  one  gas  company  in  the  Pittsburgh  Dis¬ 
trict,  during  a  day  in  February,  1912 : 


TABLE  No.  2. 


Station  No. 

6  A.M. 

9  A.M. 

12  M. 

3  P.M. 

6  P.M. 

12  P.M. 

1 

1%  lb. 

1%  lb. 

1%  lb. 

1  lb. 

1%  lb. 

1%  lb. 

2 

6 

8 

9 

4 

7% 

6 

3 

11 

20 

15 

14 

14 

15 

4 

22 

21 

ioy2 

20 

20 

18 

5 

3iy2 

26 

20 

16% 

16% 

22% 

6 

147 

128 

119 

116 

116 

129 

7 

155 

127 

125 

122 

124 

127 

3 

172 

162 

152 

148 

148 

148 

9 

202 

210 

197  . 

190 

189 

187 

10 

250 

245 

230 

224 

222 

218 

11 

273 

279 

275 

282 

268 

262 

12 

267 

280 

280 

279 

275 

260 

13 

325 

337 

340 

335 

338 

315 

Pressures  are  not  only  different  at  different  stations,  but 
at  each  station  the  intake  and  delivery  pressures  are  subject  to 
constant  change.  This  occurs  from  hour  to  hour  and  from  day 
to  day,  and  it  follows  that  the  horse  power  required  at  any 
given  station  varies  as  these  changing  conditions  influence  the 
ratio  of  compression.  The  maximum  load  occurs  at  the  highest 
delivery  pressure,  with  the  compression  ratio  at  3  :1,  or  slightly 
over,  and  as  the  ratio  changes  to  above  or  below  this  point  the 
work  decreases.  But,  of  course,  the  engine  installed  must  be 
large  enough  to  carry  the  peak  load,  notwithstanding  the  fact 
that  very  few,  if  any,  gas  compressing  stations  operate  at  their 
maximum  horse-power  more  than  a  small  proportion  of  the  time. 
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This  changing  load  condition  can  be  readily  seen,  from  the 
following  table  showing  the  compression  ratios  at  various  inter¬ 
vals,  in  the  past  five  years,  at  an  1  800  h.  p.  compressing  station 
in  West  Virginia: 


TABLE 

No.  3. 

Delivery 

Compression 

Date. 

Time. 

Pressure 

Ratio. 

in  lb. 

12-  3-07. 

10  A.M. 

300 

5.83 

12-16-07. 

10  A.M. 

280 

6.15 

2-12-08. 

6  A.M. 

310 

4.51 

3-  4-08. 

10  A.M. 

306 

4.28 

5-  1-08. 

10  A.M. 

302 

4.88 

5-30-09. 

9  A.M. 

234 

3.82 

12-13-09. 

9  A.M. 

252 

3.56 

3-14-10. 

9  A.M. 

270 

4.38 

5-16-10. 

9  A.M. 

220 

3.13 

7-11-10. 

9  A.M. 

173 

2.88 

11-21-10. 

9  A.M. 

255 

4.15 

3-14-11 

9  A.M. 

200 

3.31 

12-20-11. 

9  A.M. 

261 

4.24 

1-17-12. 

9  A.M. 

297 

4.16 

4-11-12. 

9  A.M. 

227 

4.40 

The  above  station  was  used  for  illustration  simply  because 
the  record  was  conveniently  accessible.  Almost  any  other  sta¬ 
tion  would  have  served  the  same  purpose. 

I  add  another  list  of  examples,  taken  at  random,  showing 
the  variety  of  conditions  encountered  in  the  different  gas  fields 
of  the  country : 


TABLE  No.  4. 

Date.  Location.  Description  of  Station.  Delivery  Compression 

Pressure.  Ratio, 
in  lb. 


3-12-05. 

W.  Va. 

5,000  h.p. 

Steam-Driven,  Direct- 

Connected. 

299 

4.48 

6-20  06. 

Indiana. 

300  h.p. 

Steam-Driven,  Direct- 

Connected. 

40 

5.00 

3-18-08. 

Kansas. 

9,300  h.p. 

Gas  &  Steam  Driven, 

Direct-Connected. 

250 

2.60 

4-15-08. 

Penn’a. 

300  h.p.  Gas,  Rope  Drive, 

130 

3.37 

10-21-08. 

Kansas. 

400  h.p.  Gas,  Rope  Drive, 

140 

2.01 

10-21-08. 

Kansas. 

500  h.p.  Gas,  Direct-Connected, 

135 

1.58 

12-  4-08. 

Kansas. 

9,300  h.p.  ' 

Gas,  Direct-Connected, 

275 

5.23 

3-11-09. 

Ohio. 

6,200  h.p. 

Gas  &  Steam,  Direct- 

Connected. 

240 

4.05 

5-  4-09. 

Ohio. 

2,100  h.p. 

Gas,  Direct  Connected, 

175 

4.21 

11-  3-09. 

Penn’a. 

26,000  h.p. 

Steam,  Direct-Connected 

260 

2.40 

5-18-09. 

T7.  Va. 

11,000  h.p. 

Steam,  Direct-Connected.. 

325 

3.40 

12-11-10. 

W.  Va 

1,500  h.p.  < 

Gas,  Direct-Connected, 

110 

1.53 

3-  3-10. 

TV.  Va. 

6,800  h.p. 

Gas,  Direct-Connected 

250 

1.56 

6-12-11. 

Indiana. 

3,000  h.  p. 

Steam,  Direct-Connected 

18 

5.50 

3-  4-11. 

Penn’a. 

3,700  h.p. 

Steam,  Direct-Connected 

200 

4.76 
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A  glance  at  the  compressing  ratios  will  .again  show  how 
seldom  the  maximum  horse  power  is  required.  In  this  con¬ 
nection  we  may  note  one  of  the  admirable  features  of  a  steam 
engine.  At  its  maximum  capacity,  or  at  a  so-called  overload,  it 
has  the  power  to  carry  a  station  over  a  peak,  and  when  the  load 
drops  back  to  the  usual  running  conditions,  the  engine  is  at 
the  same  time  approaching  its  most  economical  operating  point. 

Most  of  us  are  familiar  with  the  extreme  flexibility  of  the 
steam  engines  used  to  operate  the  ingot  mills  in  the  Pittsburgh 
District,  and  to  show  that  the  quality  of  flexibility  is  also 
useful  in  gas  compressing  work,  I  will  give  the  results  of  some 
indicator  cards,  all  taken  on  the  same  day,  from  an  1  800  h.  p. 
60  in  stroke  Corliss  engine,  at  a  station  in  West  Virginia : 


Total  I.  H.  p. 
in  Steam  Cyls. 

600 
1  135 
395 
1  070 
1  ^35 
l  395 
1  348 


TABLE  No.  5. 

Revolutions 
per  Min. 

43 

50 

45 

50 

50 

60 

60 


Rate  of  Gas  De 
livery  per  Hr. 
in  cu.  ft. 

1  078  000 
816  000 
1  128  000 
525  000 
962  000 
831  000 
548  000 


This  engine  runs  well  and  remains  under  the  control  of 
the  governor  when  the  speed  is  as  low  as  25  r.  p.  m. 

People  not  familiar  with  £>’as  compressing  details  have 
wondered  if  it  pays  to  pump  with  the  intake  pressure  below 
atmosphere.  The  answer  is  that  this  depends  largely  upon  the 
conditions  that  exist.  With  high  rock  pressure  and  dense  rock 
it  might  not  pay,  but  with  low  rock  pressure,  porous  rock  and 
pool  of  reasonable  size,  operating  with  even  quite  a  high  vacuum 
is  most  assuredly  profitable.  Most  oil  wells  and  nearly  all  water 
wells  are  operated  under  similar  conditions.  One  would  hardly 
think  of  abandoning  an  oil  well  just  because  it  stopped  flowing. 
In  the  Indiana  gas  field  some  of  the  large  compressing  stations 
operated  profitably  for  years  with  an  intake  of  four  or  five 
pounds  below  atmosphere,  and  at  some  stations  a  vacuum  of 
eight  or  nine  pounds  was  not  unusual.  And  this  pumping  con¬ 
dition  was  continued  in  the  face  of  considerable  opposition 
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from  Indiana  oil  companies,  who  spent  months  of  tedious  and 
expensne  litigation  in  the  vain  effort  to  prevent  the  gas  com¬ 
panies  from  exercising  this  right.  In  the  Pennsylvania  and 
Kansas  gas  fields  there  are  pools  that  are  now  being  pumped 
below  atmosphere  at  a  profit,  and  that  could  not  be  successfully 
operated  in  any  other  way. 

At  present  most  compressing  stations  are  using  gas  for 
fuel,  and  as  they  are  usually  located  in  the  gas  fields  and  in  the 
vicinity  of  glass  factories,  carbon  factories,  zinc  smelters,  cement 
works,  brick  yards,  or  other  industries  which  use  large  quanti¬ 
ties  of  gas  and  are  taking  it  from  the  same  general  fields  as  are 
the  compressing  stations,  it  is  hardly  feasible  to  conserve  the 
supply.  At  such  locations,  where  the  gas  is  cheap,  the  fuel 
cost  is  not  the  chief  consideration.  However  as  the  various 
fields  decline,  conditions  may  arise  where  it  is  desirable  to  use 
other  fuel  for  power  and  transport  all  the  available  gas  to 
market.  For  instance  in  the  states  of  Oklahoma  and  Kansas 
there  was  produced  over  53  000  000  barrels  of  crude  oil  in 
1910,  and  over  56  000  000  in  1911.  In  these  states  the  diminish¬ 
ing  gas  supply,  combined  with  this  abundance  of  crude  oil, 
suggests  the  feasibility  of  using  oil  for  compressing  station 
fuel,  thus  permitting  the  use  of  all  the  gas  for  domestic  con¬ 
sumption.  The  recent  tests  of  oil  for  fuel  under  the  600  h.  p. 
boilers  at  the  Redondo  plant  of  the  Pacific  Light  &  Power  Com¬ 
pany,  showing  over  80  percent  boiler  efficiency  as  an  average 
of  seven  tests,  would  seem  to  emphasizes  the  attractiveness  of 
such  a  course.  In  Pennsylvania  and  West  Virginia  the  gas  and 
coal  fields  are  near  each  other,  and  in  planning  compressing 
stations  in  these  states,  the  probability  of  an  ultimate  resort 
to  the  use  of  coal  for  fuel  should  not  be  overlooked.  In  fact  in 
the  case  of  the  first  station  built  in  the  Murrysville  gas  field, 
when  the  scarcity  of  gas  made  such  action  desirable,  the  change 
was  made  from  gas  to  coal  for  fuel  in  order  to  send  all  the  gas 
to  Pittsburgh. 

A  similar  course  was  pursued  at  the  large  compressing  sta¬ 
tions  of  the  Chicago  Gas  Company  and  at  the  Bluffton  Station 

of  the  Fort  Wayne  Gas  Company,  in  the  Indiana  fields.  After 

* 

the  fields  became  partially  exhausted,  the  station  smoke  stacks 
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were  raised,  switch  tracks  laid  down,  coal  took  the  place  of  gas 
for  boiler  fuel,  and  an  increased  amount  of  gas  was  then  avail¬ 
able  for  the  consumer. 

Again,  in  very  long  pipe  line  systems,  relay  stations  are 
sometimes  needed,  and  at  these  points  remote  from  the  gas 
supply,  the  kind  and  amount  of  fuel  used  are  worthy  of  atten¬ 
tion.  Experiments  have  shown  that  one  ton  of  Pittsburgh  coal, 
or  180  gal.  of  Texas  crude  petroleum  have  about  equal  fuel 
values  with  18  000  cu.  ft.  of  natural  gas.  At  a  relay  station, 
if  coal  or  oil  is  available,  it  might  be  wise  to  use  one  or  the 
other  for  fuel,  thus  avoiding  a  drain  on  the  transportation  sys¬ 
tem  and  saving  all  the  gas  for  market.  As,  therefore,  the  amount 
of  fuel  likely  to  be  required  because  of  interest,  I  will  refer  to 
the  fuel  consumption  of  some  of  the  more  recent  Corliss  engine 
compressing  stations.  In  1902,  a  test,  of  a  26  by  48  by  60 
Corliss  engine,  made  by  a  member  of  this  Society  at  a  compres¬ 
sing  station  near  Pine  Grove,  W.  Va.,  showed  a  consumption 
under  the  boilers  of  16.3  cu.  ft.  of  gas  per  i.  h.  p.  hr.  in  the 
steam  cylinders.  In  1909,  a  test  of  a  24  by  48  by  60  Corliss, 
engine,  made  at  the  Robinson,  West  Va.,  station  of  the  Carnegie 
Gas  Company,  showed  a  consumption  of  18.26  cu.  ft.  per  i.  h.  p. 
hr.,  and  in  1911,  at  a  West  Virginia  compressing  station,  built 
with  more  regard  for  fuel  economy,  the  test  of  a  31  by  68  by  60 
Corliss  engine  showed  a  consumption  of  only  13.36  cu.  ft.  of 
gas  per  i.  h.  p.  hr. 

This  very  creditable  record  of  fuel  economy  shows  excel¬ 
lent  station  performance,  and  by  spending  the  money  necessary 
to  install  additional  fuel  saving  appliances  an  even  lower  rate 
of  gas  consumption  is  obtainable.  However,  it  is  well  to  know  • 
how  far  it  is  advisable  to  go  in  this  direction,  for  the  matter  of 
fuel  saving  is  a  very  broad  question.  When  we  read  of  the 
11  000  sq.  mi.  of  good  quality  peat  available  in  this  country,  of 
the  12  000  sq.  mi.  of  high  grade  coal  in  Alaska,  of  the  496  000 
sq.  mi.  of  known  bituminous  and  lignite  deposits  in  this  country, 
and  also  when  we  realize  that  less  than  one-half  percent  of  our 
original  known  supply  has  thus  far  been  used,  we  may  feel  that 
the  danger  of  a  fuel  famine  is  indeed  remote.  Referring  to  the 
fuel  resources  of  the  United  States,  Professor  Parker  says:  “The 
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quantity  of  coal  still  in  the  ground  at  the  close  of  1910  was 
six  thousand  times  the  production  of  that  year/’ 

But  even  the  existence  of  these  vast  stores  does  not  justify 
the  needlessly  inefficient  use  of  the  different  fuels  at  our  disposal. 
Most  people  realize  that  natural  gas  is  a  very  convenient  fuel, 
and  nearly  all  will  deplore  its  unnecessary  waste.  They  will 
approve  of  any  reasonable  course  to  conserve  this  particular 
one.  or  indeed  any  other  natural  resource.  The  strong  senti¬ 
ment  existing  in  favor  of  such  conservation  is  assuredly  based 
upon  unselfish  motives,  and  we  can  hope  that  one  effect  of  its 
influence  will  be  to  measurably  advance  the  development  of  the 
water  power  in  this  country  and  thus  save  the  estimated  M7  000- 
000  h.  p.  that  can  be  obtained  at  a  cost  comparable  with  that 
of  steam  installations,  and  that  is  now  going  to  waste  in  our  own 
country,  thus  permanently  and  materially  relieving  the  drain 
upon  our  fuel  supplies. 

The  entire  500  billion  cubic  feet  of  natural  gas  consumed 
in  1910,  could  produce  about  four  million  horse  power,  or  only 
one-ninth  of  the  estimated  water  power  now  being  wasted  in  this 
country.  Therefore,  while  reasonable  saving  of  gas  is  desirable, 
real  conservation  work  has  a  much  broader  field  in  dealing  with 
the  larger  and  more  important  problem.  The  Canadian  Com¬ 
pany  recently  organized  in  Montreal  to  obtain  1  000  000  h.  p. 
from  the  St.  Lawrence  Rapids  is  certainly  setting  t his  country 
a  good  example. 

But  in  planning  compressing  stations  we  must  not  place 
undue  emphasis  upon  the  importance  of  saving  a  few  pounds 
of  coal  or  a  few  feet  of  gas,  for  the  ethical  question  involved  here 
is  of  slight  moment  compared  to  the  larger  one  arising  in  cities 
where  gas  is  used  in  such  a  variety  of  ways,  sometimes  perhaps 
in  furnaces  with  inefficient  burners,  or  possibly  in  a  wasteful 
manner  in  open  grates.  One  important  question  that  must  be 
considered  is,  what  will  actually  be  gained  to  offset  the  extra 
expense  incurred  in  securing  a  slightly  reduced  fuel  consump¬ 
tion.  If  this  perfectly  proper  question  is  decided  wisely  it  may 
save  considerable  money  in  the  original  cost  of  a  compressing 
station,  and  prevent  the  mistake  of  giving  too  great  prominence 
to  what  is  comparatively  an  unimportant  feature. 


•'Ik.  4.  Interior  of  Compressor  House  at  Gas  Compressing  Station,  Downs,  W.  \  a. 
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To  those  of  our  members  who  know  the  damage  to  tubes 
and  sheets  that  results  from  using  the  acid  water  of  the  Monon- 
gahela  River  for  feeding  boilers,  any  mention  of  steam  power 
in  gas  compressing  work  may  suggest  the  possibility  of  un¬ 
suitable  feed  water  and  consequent  boiler  troubles.  While  the 
importance  of  this  question  depends,  as  a  matter  of  course, 
largely  upon  local  conditions,  some  of  the  results  of  actual 
experience  may  be  of  interest.  For  example,  in  the  Pennsyl¬ 
vania  and  West  Virginia  compressing  stations  of  one  of  the 
large  gas  companies,  which  are  equipped  with  the  modern  hori¬ 
zontal  water-tube  boilers,  very  little  trouble  with  defective  or 
burnt  out  boiler  tubes  has  been  experienced.  During  the  past 
eight  years  it  has  been  necessary  to  replace  less  than  eight  tubes 
a  year  out  of  an  average  of  over  3  000  tubes  in  use. 

In  the  case  of  the  Indiana  gas  fields,  there  was  consider¬ 
able  lime  in  the  feed-water  and  constant  attention  was  necessary 
in  order  to  prevent  damage  from  scale.  In  boiler  plants  con¬ 
taining  from  25  to  30  boilers,  we  heated  the  feed-water  with  ex¬ 
haust  steam  and,  by  means  of  settling  and  filtering  reservoirs, 
caught  a  large  percentage  of  the  lime  and  greatly  reduced  the 
amount  of  scale  formed. 

As  a  rule,  if  the  water  problem  at  the  average  station  lo¬ 
cation  is  given  proper  attention,  feed  water  troubles  will  not 
prove  serious,  and  certainly  not  insurmountable.  For  in  ordi¬ 
nary  compressing  station  work  we  are  not  apt  to  meet  with  such 
adverse  feed  water  conditions  as  those  which  are  dailv  so  sue- 
cessfully  dealt  with  by  marine  engineers. 

The  t3^pe  of  gas  burner  used  under  boilers  may  be  of  in¬ 
terest  as  there  are  several  types  of  patented  burners  in  common 
use  in  the  Pittsburgh  District,  most  of  them  the  outcome  of 
careful  experiments.  For  burning  gas  under  a  large  batter}' 
of  boilers  it  has  been  my  custom  to  install  a  front  burner  before 
either  the  fire  or  ash  pit  door,  with  a  mixing  plate  at  the 
opening.  The  amount  of  gas  for  the  entire  battery  in  use  is 
controlled  by  one  steam  regulator,  and  the  amount  of  air  by  the 
several  dampers.  This  makes  a  safe,  simple  and  efficient  ar¬ 
rangement. 

We  know  that  the  modern  gas  engine  has  proved  a  use- 
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ful  agent  for  a  great  variety  of  purposes,  and  we  are  familiar 
with  the  many  excellent  records  that  in  recent  years  have  been 
made  by  gas  engines  of  moderate  size.  Engineers  also  know 
that  in  the  last  few  years  there  has  been  a  considerable  develop¬ 
ment  of  the  horizontal  gas  engine  of  from  1  000  to  1  400  h.  p. 
Engines  of  this  type  have  been  used  in  many  compressing  sta¬ 
tions  and  papers  read  at  various  gas  conventions  give  interesting 
accounts  of  the  excellent  performance  of  these  machines.  In 
test  condition  they  are  said  to  give,  at  full  load,  a  brake  horse¬ 
power  on  .10  cu.  ft.  of  natural  gas,  and  it  has  been  stated  that 
in  ordinary  running  conditions  the  fuel  consumption  seldom 
exceeds  13  cu.  ft.  While  the  shorter  strokes  and  higher  speeds, 
which  are  so  well  adapted  to  ordinary  electric  generator  work, 
may  not  be  as  well  suited  to  the  work  of  compressing  gas,  ma¬ 
chines  of  this  type  probably  have  a  field  of  usefulness  at  points 
where  a  slightly  lower  gas  consumption  is  the  most  important 
consideration.  The  present  tendency  is  to  install  smaller  units, 
due  possibly  to  cracked  pistons  and  cylinders  in  the  larger 
sizes,  in  planning  the  type  and  details  of  a  compressing  station, 
we  must  ever  bear  in  mind  the  inflammable  nature  of  the  gas 
to  be  handled,  and  must  take  all  feasible  precautions  to  avoid 
the  danger  of  fire  or  explosion.  For  this  reason  the  boiler  house 
is  located  at  a  considerable  distance  from  the  compressor  house, 
and  relief  valves  are  installed  on  the  compressors.  We  have 
cement  floors  and  fireproof  buildings.  Low  voltage  incandes¬ 
cent  lights  are  used  and  the  lamps  enclosed  in  vapor-proof 
globes  of  thick  glass.  Special  attention  is  paid  to  ventilation, 
and  care  is  also  taken  to  avoid  pits  or  cellars  where  escaping 
gas  may  accumulate.  This  ever  present  thought  of  danger  from 
fire  makes  one  realize  that  useful  service  in  other  fields  of  work 
gives  no  assurance  that  an  internal  combustion  engine  is  either 
the  best  or  safest  type  of  prime  mover  to  use  in  the  same  build¬ 
ing  with  machinery  compressing  inflammable  gas.  In  addition 
to  considerations  of  safety,  questions  of  first  cost,  as  well  as  the 
probable  expense  of  operation,  repairs  and  depreciation,  would 
all  have  a  bearing  in  determining  the  wisdom  of  installing  any 
particular  type  of  machine. 

The  construction  cost  of  compressing  stations  ranges  from 
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$30  to  $00  per  horsepower,  and  in  large  stations,  the  advantage 
of  price  is  with  the  steam  driven  station,  the  usual  cost  of  a 
steam  engine  station  being  about  one-half  the  cost  of  a  gas  engine 
station  of  the  same  capacity.  The  question  of  depreciation  is  not 
always  an  easy  one  to  answer.  While  the  gas  engine  was  pat¬ 
ented  in  1876  and  therefore  can  liardlv  be  considered  a  new 
type  of  prime  mover,  still  except  with  the  smaller  sizes,  its 
development  in  this  country  has  been  rather  slow,  so  we  feel 
that  it  is  comparatively  new  and  time  alone  will  show  the  rate 
of  depreciation  of  the  larger  units  under  steady  load.  Some  of 
the  early  experiences  have  been  unfortunate,  but  better  things 
are  hoped  for  from  the  most  recent  types.  As  for  the  steam 
engine,  much  depends  upon  the  grade  of  engine  bought,  and  for 
long  and  continuous  sendee,  experience  has  shown  that  it  is 
good  economy  to  buy  a  high  grade  machine.  This  is  shown  by 
the  record  of  two  1  800  h.  p.  Corliss  engine  compressors  in¬ 
stalled  in  a  West  Virginia  station.  These  machines  have  given 
reliable  service  for  the  past  eight  years,  have  required  only 
slight  repair  during  that  period,  are  still  in  service,  and  are 
practically  new  machines.  Three  Corliss  engine  compressors, 
of  slightly  larger  capacity,  were  installed  in  1900  at  a  compres¬ 
sing  station  near  Waynesburg,  Pa.  They  are  still  in  use,  are 
in  excellent  condition,  and  up  to  date  have  a  record  of  12  years 
satisfactory  service  with  but  few  repairs. 

A  recent  article  in  “The  Engineer ”  is  of  interest  as  show¬ 
ing  the  type  of  engine  used  abroad  for  power  purposes.  The 
article  states  that:  “In  England  steam  engines  furnish  the  bulk 
of  our  electric  power  in  public  electricity  stations.  A  few  Die¬ 
sel  oil  engines  are  in  use,  mainly  of  very  small  size,  and  there 
are  a  few  medium  sized  engines.  One  or  two  stations  have 
water  power,  but  none  of  these  have  so  far  seriously  challenged 
steam.  In  Germany  things  are  different.  It  appeal's,  states 
a  contemporary,  that  of  the  public  electricity  works  in  Germany, 
800  000  kw.  is  installed  in  exclusively  steam  stations;  400  000 
kw.  in  gas  stations,  250  000  kw.  in  water-power  stations,  and 
400  000  kw  in  combined  water  and  steam  stations.”  In  con¬ 
sidering  European  practice  we  must,  of  course,  bear  in  mind 
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that  the  high  cost  of  fuel  frequently  overshadows  all  other  con¬ 
siderations. 

In  this  connection  the  conclusion  of  a  prominent  firm  of 
engine  builders  of  this  country  may  prove  of  interest.  I  quote 
from  a  letter  which  I  received  yesterday,  in  which  they  state, 
“We  have  frequently  been  told,  and  read  in  newspapers  and 
periodicals  that  the  Germans  especially  have  surpassed  all  other 
nations  in  the  construction  of  economical  prime  movers,  and 
consequently  we  directed  our  attention  toward  that  country. 
Two  of  our  Directors  went  abroad  to  study  the  question  right 
on  the  spot,  and  after  long  deliberation  and  after  securing  the 
opinion  of  unbiased  experts,  came  to  the  conclusion  that  the 
reciprocating  steam  engine  was  the  all-around  most  economical 
proposition  ” 

Gas  under  pressure  will  go  through  very  minute  openings,, 
and  it  is  inevitable  that  around  compressing  stations  there 
should  be  some  escaping  gas.  This  is  a  well  recognized  fact,, 
and  with  care  and  proper  attention  to  the  ventilation  of  build¬ 
ings,  in  most  gas  fields  this  gas  will  do  no  harm.  But  an  ex¬ 
ception  to  this  rule  occurs  in  the  Indiana  field  where  the  gas 
from  the  Trenton  Rock  contains  from  iy2  to  2  percent  of  hydro¬ 
gen-sulphide  and  at  the  compressing  stations  this  causes  trouble 
in  a  variety  of  ways.  Escaping  gas  in  contact  with  the  air 
quickly  forms  a  quantity  of  sulphuric  acid,  and  if  unnoticed 
or  neglected,  will  cause  serious  corrosion  of  the  iron  in  the  im¬ 
mediate  vicinity  of  the  leak.  During  foggy  weather  escaping 
gas  lingering  in  the  compressor  house  affects  tne  eyes  of  those 
working  there.  Often,  at  the  large  stations,  several  experienced 
engineers  at  a  time  have  been  temporarily  unfitted  for  duty  by 
inflamed  eyes.  Ventilating  funnels  erected  over  'each  com¬ 
pressor  lessened  the  eye  trouble  and  increased  the  quota  of  men 
available.  Again,  the  sulphur,  uniting  with  the  iron  on  the 
inside  of  the  pipes,  forms  a.  dry  sulphide  of  iron.  This  collects, 
in  the  pipes  and  gas  cylinder  heads,  and,  on  opening  for  repairs, 
admission  of  air  causes  it  to  burst  into  flame.  As  a  measure  of 
precatution  the  engineer  usually  stood  by  with  a  hose  ready  to. 
flood  the  opening  with  water. 

Natural  gas  as  it  enters  the  compressor  is  at  about  the  tem- 
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perature  of  the  ground,  ranging  from  35  to  40  deg.  fahr.  in  the 
winter,  up  to  60  or  70  deg.  in  the  summer.  The  compression 
increases  this  temperature,  and  it  is  not  unusual  to  have  de¬ 
livery  gas  temperatures  of  over  300  deg.  While  this  amount  of 
heat  will  do  no  harm  to  the  gas  itself,  or  to  the  compressor,  it 
could  work  injury  to  the  rubber  packing  of  the  lines,  and  in 
order  to  prevent  such  damage,  it  is  customary  to  cool  the  de¬ 
livery  gas  by  passing  it  through  a  series  of  parallel  pipes  laid 
in  a  cooling  pond.  This  cooling  also  serves  to  reduce  the  vol¬ 
ume  of  gas  and  in  a  measure  increases  the  transportation  ca¬ 
pacity  of  the  pipe  line. 

Gas  from  the  wells  carries  with  it  a  quantity  of  vapor,  oil 
vapor,  if  from  the  vicinity  of  an  oil  pool,  water  vapor,  if  from 
contact  with  salt  water.  Compressing  and  cooling  the  gas 
reduces  its  vapor  carrying  capacity  and  the  oil  or  water  is 
deposited  in  the  pipe  lines.  In  a  hilly  country  this  liquid  is 
readily  drained  from  these  lines  by  means  of  suitable  drips 
located  at  low  points  between  hills,  but  in  a  flat  country  like 
Indiana  the  problem  of  keeping  long  pipe  lines  free  and  clear 
from  liquid  is  a  very  serious  one.  During  the  period  of  great¬ 
est  production  in  the  Indiana  gas  fields  this  task  was  success¬ 
fully  accomplished  by  first  cooling  the  gas  from  the  compressors 
in  a  large  cooling  pond,  to  a  point  as  near  as  possible  to  the 
cooling  water  temperature,  then  conducting  it  slowly  through 
large  pipes,  in  order  to  give  time  for  dropping  most  of  its 
'  moisture.  This  cool  and  partially  dry  gas  then  passed  through 
a  dehydrating  system  where  expanding  ammonia  still  further 
reduced  the  temperature  and  more  liquid  was  thrown  down. 
The  idea  was  to  reduce  the  gas  to  the  lowest  temperature  while 
it  was  under  the  highest  pressure,  and  the  result  was  a  prac¬ 
tically  dry  gas  for  transportation.  As  the  Indiana  natural  gas 
was  about  94  percent  marsh  gas,  which  liquefies  at  2  700  lb. 
per  sq.  in.  and  12  deg.  fahr.,  there  was  no  danger  of  the  gas 
liquefying  under  the  dehydrating  treatment.  But  this  practice 
of  cooling  the  compressed  gas  resulted  in  what  was  probably 
one  of  the  earliest  experiences  in  recovering  gasoline  from 
natural  gas.  For,  in  1902,  at  one  of  the  Indiana  stations,  which 
was  compressing  gas  from  near  an  oil  pool,  we  obtained  from 
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the  drips  of  the  cooling  system  an  average  of  80  barrels  of  gaso¬ 
line  each  day.  Most  of  the  natural  gas  found  in  the  large  gas 
fields  of  this  country,  contains  from  83  to  99  percent  methane, 
a  small  percent  of  ethane,  has  a  specific  gravity  about  six-tenths 
that  of  air.  and  a  heating  value  of  from  1  100  to  1  200  B.  t.  u. 
This  is  sometimes  called  a  “dry  gas”  and  is  the  kind  we  usually 
have  in  mind  when  discussing  gas  compressing.  But  in  recent 
years  an  industry  has  sprung  up,  which  compresses  and  lique¬ 
fies  the  gases  or  oil  vapors  drawn  from  oil  wells.  These  “wet 
gases”'  of  greater  specific  gravity  and  higher  heat  values,  con¬ 
tain  large  percentages  of  propane,  butane,  and  other 
hydro-carbon  vapors  which,  when  under  pressures  of  from  600 
lb.  down,  condense  or  liquefy  at  ordinary  temperatures.  This 
briefly  is  the  work  of  the  so-called  “Natural-gas-gasoline-in- 
dustry”,  and  it  is  the  failure  to  clearly  recognize  the  difference 
in  the  composition  of  the  two  types  of  gases  that  has  led  to  some 
unfortunate  investments  in  gasoline  recovery  plants. 

Among  the  many  subjects  in  connection  Avith  the  work  of 
compressing  gas,  the  operating  cost  per  horse  power  hour  is  of 
interest,  and  there  are  records  showing  this  cost  ranges  all  the 
way  from  3.7c  in  some  cases  to  only  0.00071c  in  others,  depend¬ 
ing  among  other  features  upon  the  engine  load  and  the  size 
and  type  of  station. 

The  average  cost  per  engine  hour  has  been  discussed  and 
here  records  vary  from  $1.11  at  a  76  percent  time  factor  in  a 
station  containing  nine  units  of  1  100  to  1  300  h.  p.,  down  to  a 
cost  of  45c  at  a  69  percent  load  factor  at  a  station  of  two  1  800 
h.  p.  units;  and  here  again  results  are  influenced  by  the  kind 
of  machinery,  the  demands  upon  the  station,  and  the  number 
of  reserve  units. 

The  mechanical  efficiency  of  different  machines,  ranging 
from  80  to  95  percent,  and  the  volumetric  efficiency  of  com¬ 
pressors,  varying  from  72  to  98  percent,  while  perhaps  of  only 
minor  importance,  should  still  receive  attention. 

In  looking  forward  to  future  developments  in  gas  compres¬ 
sing,  we  And  that  the  ideal  performance  of  the  modern  com¬ 
pressor,  during  the  past  eight  years,  leaves  slight  chance  for 
improvements  in  the  line  of  efficiency,  reliable  operation  and 
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freedom  from  repairs.  But  recent  progress  with  the  Lentz 
poppet-valve  engine,  the  Wolf  locomobile  and  the  Stumpf  *  ‘uni- 
flow’  ’  engine  indicates  a  possible  gain  by  their  use  as  prime 
movers.  The  published  records  of  the  locomobile,  showing  an 
i  h.  p.  on  1  200  B.  .t  u.,  and  a  brake  horsepower  on  less  than 
11  lb.  of  steam,  and  with  only  1.32  lb.  of  coal,  suggests  its 
future  use,  in  connection  with  the  rope  drive,  for  running  com¬ 
pressors  at  the  smaller  stations.  The  Lentz  engine  record  of 
10.4  lb.  steam  per  i.  h.  p.,  and  the  results  obtained  in  Germany 
from  the  “  uniflow  ”  engine,  showing  a  brake  horsepower  on 
1  400  B.  t.  u.,  and  a  consumption  of  only  10  lb.  of  steam  per 
h.  p.  hr.,  promises  well  for  steam  economy.  In  this  country  we 
have  the  recent  remarkable  performance  of  a  rated- 240  h.  p. 
uniflow  engine  in  Milwaukee,  which  ran  well  at  125  percent 
overload,  and  under  such  extreme  conditions  required  only  15 
lb  of  steam  per  h.  p.  hr.  This  great  range  of  capacity  should 
make  it  possible  to  install,  in  future,  a  much  smaller  engine  for 
a  given  duty,  and  the  lower  cost  of  the  engine  would  still  further 
reduce  the  original  cost  of  steam  driven  compressing  plants. 
In  pumping  small  gas  pools,  or  fields  which  are  rapidly  becom¬ 
ing  exhausted,  such  reduction  in  the  original  amount  invested 
would  prove  an  important  item.  An  advance  in  future  boiler 
performance  is  also  indicated  by  Professor  Bone’s  experiments 
with  “surface  combustion,”  these  experiments  resulting  in 
boiler  efficiencies  of  over  94  percent  and  an  evaporation  of  over 
21  lb.  of  water  per  sq.  ft.  of  heating  surface. 

In  reviewing  the  many  phases  and  features  of  the  gas 
compressing  station  and  summing  up  the  various  requirements, 
it  is  apparent  that  the  two  qualities  of  prime  importance  are 
safety  and  reliability. 

Safety,  because  good  service  depends  in  a  large  measure 
upon  the  intelligent  and  faithful  care  of  an  experienced  station 
crew,  and  proper  consideration  for  their  welfare  demands  that 
they  be  subjected  to  no  unnecessary  risks. 

Reliability,  because  upon  the  continuance  of  the  station  to 
deliver  the  required  amount  of  gas,  may  depend,  not  only  ade¬ 
quate  return  from  the  investment,  but  also  the  comfort,  and 
possibly  the  health  of  many  persons,  and  serious  results  may 
follow  even  the  partial  failure  of  the  gas  compressing  machinery. 
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DISCUSSION 

Mr.  H  D.  Hildebrand:*  Regarding  the  cost  of  natural 
gas  compressing  stations,  on  May  22nd  a  paper  on  “Compres¬ 
sion  of  Natural  Gas  by  Steam  Power’*  was  read  at  the  Kansas 
City  Convention  of  the  Natural  Gas  Association  in  which  I 
made  comparison  between  modern  gas  engine  and  the  compound 
condensing  Corliss  engine  compressor  plants  on  the  basis  of 
initial  cost  and  the  cost  of  operation. 

The  figure  on  costs  obtained  for  that  paper  applied  a  little 
differently  might  be  of  interest  in  connection  with  the  paper 
just  read  by  Mr.  Leland.  While  there  I  made  comparisons  be¬ 
tween  gas  and  steam  engines  as  prime  movers,  here  I  shall  give 
costs  obtained  from  both  classes  of  plants,  in  which  half  are 
steam  and  half  are  gas  engine  units.  These  figures  were  ob¬ 
tained  from  ten  plants,  five  of  which  were  steam  and  five  were 
gas  engine  units.  The  sizes  varied  from  2  200  to  10  000  h.  p. 
the  average  for  the  10  plants  being  4  500  h.  p. 

It  might  be  well  to  state  that  a  great  number  of  compressor 
stations  are  built  in  the  country  remote  from  railroad  facilities 
and  where  roads  are  bad,  which  necessarily  make  hauling  charges 
high.  About  half  of  the  plants  considered  were  built  under 
these  conditions,  while  the  balance  were  built  close  to  a  railroad 
when  hauling  was  not  an  important  item  or  where  a  railroad 
switch  was  on  the  property. 

Besides  the  land  of  the  station  it  was  necessary  to  purchase 
land  for  and  erect  dwellings  for  the  operating  staff.  The  plants 
being  considered  consisted  of  high  grade  machinery  of  ap¬ 
proximately  1300  h.  p.  units,  the  buildings  are  of  steel  frame 
with  sheet  iron  sides  and  roof;  floors  are  either  hard  wood  or 
of  concrete.  Small  electric  light  plants,  and  also  machinery  for 
pumping  and  storing  water  for  the  plant  are  included.  There 
are  always  two  buildings  separated  from  each  other  about  50 
or  100  ft. 

The  average  initial  cost  of  such  plants  of  an  average  size 
of  4500  h.  p.  is  $56.33  per  rated  h.  p.  The  average  cost  of  oils, 
grease,  water,  packing,  etc.  was  §2l/2  cts.  per  rated  h.  p.  year. 
The  labor  charge  for  operation  was  $1.95  a  year,  while  on  the 
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same  basis  the  cost  of  repairs  and  upkeep  was  $1.33  a  year. 
This  makes  a  total  of  $3.90^  per  rated  h.  p.  year  exclusive  of 
fuel  Gas  is  used  as  fuel  and  has  varied  values  according  to 
the  different  operations,  varying  from  2.5  to  10c  per  1000  ft. 

An  average  of  23  cu.  ft.  per  rated  h.  p.  hour  the  year 
through  runs  the  plant  and  cares  for  all  the  standby  losses, 
slowing  up  in  speed  and  all  other  conditions  imposed  upon  the 
plant  due  to  the  demand  for  gas  according  to  weather  changes. 
The  average  operating  time  is  65  percent  of  the  total  maximum, 
you  will  understand  that  this  is  necessitated  by  the  fact  that  the 
machines  are  large  enough  to  care  for  the  maximum  load  which 
means  that  the  average  load  is  approximately  65  percent  of  the 
maximum. 

Mr.  Leland  is  quite  justified  in  stating  that  the  question  of 
depreciation  is  not  always  an  easy  one  to  answer.  For  instance 
in  the  plants  under  consideration,  the  average  age  of  the  plant 
is  six  years  with  a  possibility  of  10  or  15  more  before  being 
abandoned.  Under  these  conditions  it  would  seem  that  a  seven 
percent  depreciation  yearly  was  ample  to  care  for  this  average 
plant.  On  the  other  hand  we  have  often  installed  plants  when 
the  field  not  expected  to  live  but  one  or  two  years.  Deprecia¬ 
tion  in  this  case  will  have  to  be  governed  by  the  life  of  the 
field  instead  of  the  life  of  the  machinery  or  plant.  In  this  case 
it  would  seem  as  though  depreciation  from  25  to  50  percent 
would  not  be  too  great. 

I  should  say  that  when  the  field  controls  the  depreciation 
then  it  can  be  well  made  and  will  vary  with  each  field,  but  when 
prospects  for  a  long  life  of  field  are  good  the  depreciation 
should  be  placed  on  the  plant  and  will  then  vary  from  four  to 
seven  percent  according  to  different  owners. 

Mr.  L.  C.  Frohrieb  :*  Mr.  Leland  mentioned  the  uni-flow 
engine,  and  as  this  engine  is  a  decided  departure  from  the  usual 
method  of  building  engines,  I  thought  it  would  be  of  interest 
to  give  some  of  the  distinctive  features  of  this  machine. 

The  results  shown  in  Fig.  5  call  attention  to  the  wonderful 
overload  capacity  of  these  machines,  but  as  Mr.  Leland  has  sug¬ 
gested  and  Mr.  Lyford  stated  some  time  ago  before  this  Society, 

♦Secretary,  Federal  Engineering  Company,  Pittsburgh. 
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the  only  proper  rating  is  the  maximum  continuous  horse  power 
available  from  a  prime  mover.  We  have  here  an  engine  that  will 
deliver  power  through  an  extremely  long  range  and  still  main¬ 
tain  a  very  uniform  steam  consumption  per  horse  power  per 
hour. 

ni 

o 
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Fig.  5.  Economy  Curve  of  a  Condensing,  Uniflow  Steam  Engine. 

Note  flatness  of  curve  at  light  loads  and  also  at  extreme  overloads, 
operating  at  160  lb.  initial  steam  pressure  and  26  in.  vacuum. 

This  machine  then  meets  the  requirements  of  a  gas  com¬ 
pressing  station  better  even  than  a  compound  Corliss  engine,  for 
as  shown  by  Mr.  Leland,  a  gas  compressor  must  be  built  for  the 
maximum  load  possible,  governed  by  the  strength  of  the  line, 
sizes  of  compressors  and  maximum  intake  pressure.  These  are 
conditions  which  must  be  provided  for,  but  unfortunately  these 
stations  are  not  operating  continuously  under  these  conditions 
but  generally  under  a  considerably  lig'hter  load,  which,  as  the 
load  drops  off,  brings  the  engines  nearer  their  most  economical 
point,  while  with  gas  engines  it  is  just  the  reverse  for  in  a  gas 
engine  the  maximum  continuous  horse  power  is  also  its  most 
efficient  load,  and  at  lighter  loads  the  economy  falls  off  rapidly. 

Of  course,  as  long  as  it  is  cheaper  for  a  gas  company  to 
burn  natural  gas  under  their  boilers  or  in  their  gas  engines  the 
question  of  coal  need  not  be  considered,  but  when  the  supply 
is  less  than  their  transportation  facilities  it  will  then  be  neces¬ 
sary  to  use  coal  either  under  the  boilers  or  in  producers  in  con- 
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nection  with  gas  engines.  Producers  with  the  necessary  equip¬ 
ment  would  cost  approximately  $18  per  h.  p.,  while  a  1000  h.  p. 
natural  gas  engine  would  be  reduced  to  an  800  h.  p.  engine 
when  operating  on  producer  gas,  while  a  steam  plant  could  be 
changed  from  gas  to  coal  for  only  the  cost  of  removing  the 
burners.  Further,  excessive  speeds  are  practically  prohibitory 
in  compressing  gas,  high  speeds  being  injurious  both  to  the  life 
of  the  compressors  and  their  efficiency. 

Air  compressors  of  the  larger  sizes  are  frequently  designed 
and  operated  for  speeds  as  high  as  90  r.  p.  m.,  but  they  are 
generally  short  stroke  which  keeps  their  average  piston  speed 
between  COO  and  650  ft.  per  min.  In  order  to  obtain  this  piston 
speed  with  gas  compressors,  using  automatic  valves,  and  still 
maintain  a  high  volumetric  efficiency  and  keep  the  r.  p.  m. 
down  in  order  to  decrease  the  wear  on  the  valves,  long  stroke 
machines  are  used,  preferably  60  in.,  which  at  60  r.  p.  m.,  ad¬ 
mitted  by  a  very  low  speed,  600  ft.  piston  speed  is  obtained. 
The  standard  gas  engines  of  the  larger  sizes  which  are  used  in 
compressing  natural  gas,  are  48  in.  stroke  operating  at  88  r. 
p.  m.  which  gives  them  a  piston  speed  of  704  ft.  It  can  be 
plainly  seen  that  in  comparing  these  two  types  of  machines  that 
the  wear  on  the  compressors  operating  in  connection  with  a  gas 
engine  is  considerably  greater  than  the  wear  on  compressors 
driven  by  setam  engines.  Experience  has  proved  this  to  be  a 
fact  for  on  the  writer’s  visit  to  Homer,  Ohio,  in  which  there 
were  installed  at  that  time,  six  gas  engines  direct  connected  to 
12  compressors,  there  were  then  three  compressor  cylinders  on 
the  platform  which  had  been  taken  out  and  replaced.  Smiliar 
conditions  exist  in  other  places  but  this  is  merely  cited  as  an 
example. 

Another  thing  to  which  1  would  like  to  call  your  attention 
is  the  cost  of  maintenence  of  steam  stations  as  compared  with 
gas  engine  stations.  For  example,  at  one  of  the  recent  gas 
compressing  stations  at  Hundred,  West  Va.,  containing  two 
1000  h.  p.  gas  engines,  having  eight  power  cylinders,  they  have 
already  taken  out  and  replaced  three  of  the  power  cylinders, 
several  of  the  pistons  and  rods  and  were  compelled  to  bush  the 
compressors  from  18  in.  to  16  in.  on  account  of  the  load  in  the 
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compressors  going  up  slightly  over  what  they  had  expected.  In 
this  particular  case,  by  bushing  the  cylinders  they  reduced  the 
load  on  the  engine  20  percent  which  would  not  have  been  neces¬ 
sary  had  they  had  their  station  'equipped  with  steam  engines  as 
this  percentage  of  increased  load  w’ould  have  been  nicely  taken 
care  of  by  steam  engines. 

At  Homer,  Ohio,  they  replaced  the  power  cylinders  on  the 
first  three  engines  installed,  which,  of  course,  means  new  valve 
gear  and  probably  pistons  and  rods,  so  they  practically  have 
replaced  the  engines  with  the  exception  of  frames,  shafts  and 
fly  wheels.  On  the  second  set  of  three  engines  they  have  re¬ 
placed  one  power  cylinder  and  rebored  all  the.  others. 

At  Bangs,  Ohio,  they  installed  three  gas  engines  and  one 
second  hand  steam  engine,  each  of  equal  horse  power,  at  the 
same  time.  Since  then  they  have  changed  the  valve  gear  on  the 
gas  engines  and  overhauled  them  while  the  second  hand  steam 
engine  is  still  operating  as  originally  installed. 

At  the  plant  of  the  Columbia  Fuel  &  Gas  Co.  I  saw  a  1000 
h.  p.  gas  engine  which  had  been  in  service  about  18  months 
which  was  entirely  dismantled  for  overhauling,  having  a  cracked 
power  cylinder,  several  power  pistons  and  broken  compressor 
valves  and  guards.  At  Scipio,  Kansas,  where  six  gas  engines 
are  installed  I  was  informed  that  with  the  exception  of  two  all 
the  power  cylinders  were  cracked. 

These  facts  are  given  to  show  the  high  operating  and  re¬ 
pair  cost  of  high  speed  and  short  stroke  gas  engine  compressors. 

Mr  John  Glass  :*  I  wish  to  present  a  test  of  the  Carnegie 
Natural  Gas  Co.’s  plant  at  Underwood,  W.  Ya.,  referred  to  in 
Mr.  Leland’s  paper,  also  Table  Xo.  6  giving  cost  of  operating 
and  amount  of  supplies  used  at  four  different  plants.  The  3300 
i  h.  p.  plant,  being  the  last  built  up  to  this  time  by  this  com¬ 
pany,  has  advantages  over  the  others. 

The  5200  i  h.  p.  plant  has  been  in  continuous  service  for 
the  past  12  years  and  never  had  an  accident  or  was  out  of  com¬ 
mission  to  an  extent  to  interfere  with  the  gas  supply.  We 
supply  almost  the  same  amount  of  gas  the  year  around  making 

♦Chief  Engineer,  Carnegie  Natural  Gas  Company,  Waynesburg,  Pa. 
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it  necessary  tc  operate  the  coinpressing  plant  up  to  90  percent 
of  the  time,  and  we  tirst  must  have  safety  and  second  reliability. 

Table  No.  7  gives  a  test  of  natural  gas  as  a  boiler  fuel. 
The  boilers  are  equipped  with  superheaters  and  improved  furn¬ 
aces  which  made  this  a  very  interesting  test. 

Experience  has  convinced  us  that  the  long  stroke  compres¬ 
sor  at  moderate  speed,  say  600  ft.  per  min.,  witn  ample  low  lift 
valve  capacity  and  with  the  clearance  reduced  to  a  minimum, 
tends  to  high  volumetric  efficiency. 

Removable  liners,  good  deep  pistons  giving  ample  wearing 
surface,  with  two  packing  rings,  make  a  reliable  compressor. 
Small  nuts  on  piston,  excessive  lift,  and  too  many  parts  to 
vahes  are  sources  of  trouble. 

TABLE  No.  6. 

Table  showing  cost  per  year  and  supplies  used  in  operating 
natural  gas  compressing  plants,  including  salaries,  repair  and  main¬ 
tenance,  insurance,  lubricants,  tools  and  supplies.  The  plants  consist 
of  horizontal,  compound  condensing,  Corliss  engines,  with  single  stage, 
automatic  valve,  gas  compressing  cylinders  coupled  to  the  piston  rod 
of  each  steam  cylinder;  horizontal  water  tube  boilers  with  necessai*v 
pumps  and  etc. 


Size  of  Plant. 

No.  &  Size 

Type  of 

No.  of 

Average  Operating 

•  , 

of  Boilers. 

Condenser. 

years  taken. 

Cost  per  V ear. 

5200  I.  H.  P. 

10—250  H.  P. 

Surface 

4 

$11124.49 

3300  " 

4—400  “ 

H 

1 

6974.48 

2600  “ 

6—250  “ 

Jet 

4 

9440  89 

2000 

• 

5—250  “ 

Surface 

4 

7370.84 

Size  of  Plant. 

Percent  of  time  operated  during  year 

Percent  of  speed 

ending  June  1st, 

1912. 

run  during  > ear. 

5200  I.  H.  P. 

62 

80 

3300  “ 

82 

70 

2600 

• 

90 

75 

2000 

90 

90 

Supplies  used 

per  24  engine 

hours  during 

year. 

Cylinder  Oil 

Engine  Oil 

Crude  Oil 

Waste 

Size  of  Plant 

gal. 

gal. 

gal. 

lb. 

5200  I.  H.  P. 

1.311 

0.972 

1.540 

1.23 

3300  “ 

1.768 

1.320 

1.752 

1.70 

2600 

1.314 

1 . 293 

1.330 

1.72 

2000 

0.757 

0.782 

0.434 

1.00 

Note:  The  plant  of  5200  i.  h.  p.  operates  at  from  30  to  90  percent  due  to 
regulating  gas  pressure  at  consumption  end  of  lines.  These  percentages 
are  low,  due  to  having  an  extra  engine  used  during  severe  weather  condi¬ 
tions  or  in  case  of  emergency. 


390  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 


TABLE  No.  7. 

Test  of  natural  sas  as  a  boiler  fuel  made  April  17th,  1911,  by  J. 
C.  Bell,  New  York,  at  Underwood,  W.  Ya.  plant. 

The  boiler  was  14  tubes  high  by  14  tubes  wide,  18  ft.  tubes,  with 
two  42  in.  drums,  B.  &  W.  type,  rated  at  400  h.p.,  and  set  with  the 
Carnegie  Natural  Gas  Co.’s  standard  furnace. 


Duration  of  test,  hours . 8 

Average  barometer  reading  in  pounds . 14.32 

Average  steam  pressure  gauge  in  pounds . 166 

Average  steam  pressure  absolute  pounds . 118.32 

Average  gas  jressure  at  meter  in  ounces  .  8.6 

Draft  furnace,  inches  of  water  . 12 

Draft  bottom  of  3rd  pass,  inches  of  water . 13 

Draft  at  breeching,  inches  of  water  . 25 

Average  temperature  of  boiler  room,  degs.  fahr . 66 

Average  temperature  of  gas  at  meter,  degs.  fahr . 61. 

Average  temperature  of  feed  water,  degs.  fahr . 63.4 

Average  temperature  of  saturated  steam,  degs.  fahr . 373 

Average  temperature  of  superheated  steam,  degs.  fahr . 420 

Superheat,  degs.  fahr . 47 

Average  temperature  of  gas  leaving  superheater,  degs.  fahr . 619 

Average  temperature  of  gas  leaving  boiler  mercurial  therometer  409 
Average  temperature  of  gas  leaving  boiler  Haskins  pyrometer. ..  .406 
Flue  gas  analysis 

Average  CO;,  .  6.50 

Average  O  .  9.90 

Average  CO  . 0.03 

Average  N  .  84.57 

Gas  per  hour  as  registered  by  meter  cu.  ft . 13044 

Factor  correction  to  reduce  to  60  deg.  F.,  8  oz.  press  and  30  in.  bar  ..0.967 

Gas  per  hour  standard  conditions,  cu.  ft . 12613 

Water  per  hour  actual  pounds  . 8863 

Factor  of  evap.  from  and  at  212  deg.  F.  incl.  of  superheat .  1.231 

Equivalent  evaporation  per  hour  . 10910* 

Horse  power  developed  .  316 

Percent  of  rating  .  79 

Equivalent  evaporation  per  cu.  ft. .  of  gas . 0.864 

Gas  per  boiler  horse  power  .  39.91 

Boiler  efficiency  greater  heat  value  gas . 74.5 

Boiler  efficency  lesser  heat  value  gas . 81.6 

Heat  lost  in  sensible  heat  in  flue  gas . 116  • 

Heat  lost  in  CO  in  flue  gas  . 

Heat  lost  in  H,0  in  flue  gas . . . 122 

Unaccounted  for  . . .  49 

Appearance  of  stack — smoke  . trace 

Heat  value  of  gas  per  cu.  ft . 1125 

Latent  heat  water  of  combustion  . 98 

Net  heat  value  of  gas  . 1027 

Weight  of  gas  per  cu.  ft . 0.05156 

Cu.  ft.  per  pound  . 19.4 

Gas  from  wells  in  Marion  County,  AY.  Va. 
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The  compressor  plant  of  the  Carnegie  Natural  Gas  Com¬ 
pany  is  equipped  with  two  Nordberg  horizontal,  cross  com¬ 
pound,  condensing,  Corliss  engines,  with  a  single  stage,  auto¬ 
matic  valve,  gas  compressing  cylinder  coupled  to  the  piston  rod 
of  each  steam  cylinder.  In  addition  to  the  gas  compressors 
the  following  auxiliaries  are  operated  by  a  rock  shaft  driven 
from  the  low  pressure  side  of  each  engine. 

One  air  pump . 28  in.  diam.  by  14  in.  stroke 

Two  circulating  pumps,  single  acting . 

. .  . 30  in  diam.  by  9  in.  stroke 

Two  boiler  feed  pumps,  single  acting . 

. 4 y2  in.  diam.  by  6  in.  stroke 

Two  water  jacket  pumps . 

. 4 y2  in.  diam.  by  6  in.  stroke 

One  condensing  pump . very  small 

The  steam  cylinders  are  not  jacketed,  with  the  exception  of 
the  low  pressure  cylinder  heads,  which  are  jacketed  with  steam 
for  the  receivers.  The  receivers  are  provided  with  reheaters 
which  are.  filled  with  steam  at  nearly  the  boiler  pressure.  The 
steam  entering  the  low  pressure  cylinders  is  superheated  by  this 
means,  from  22  to  30  deg.,  according  to  the  speed  of  the  engine. 
The  boiler  plant,  consisting  of  four  Babcock  and  Wilcox  boilers 
is  equipped  with  superheaters,  which  furnish  steam  at  the  throt¬ 
tle  with  from  30  to  40  deg.  superheat. 

In  connection  with  this  plant  there  are  six  heaters  con¬ 
nected  in  series  in  the  gas  discharge  line  from  each  pair  of  gas 

i 

cylinders.  The  feed  water  passes  through  these  heaters,  taking 
up  heat  irom  the  gas  and  returning  it  to  the  boilers,  thereby 
reducing  the  temperature  of  the  hot  gas,  which  is  considered  of 
prime  importance  in  the  maintenance  of  the  pipe  lines. 

The  steam  condensed  in  the  surface  condenser  is  used  for 
the  boiler  feed  water,  the  greater  part  of  the  cylinder  oil  being 
previously  removed  by  means  of  an  oil  separator  and  steam 
trap.  The  condensed  steam  from  the  engines  is  augmented  in 
the  hot  well  by  sufficient  water  to  maintain  the  water  level  in 
the  boilers  and  make  up  for  various  losses  of  steam  throughout 
the  plant. 
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The  water  drained  from  the  reheater  and  steam  jackets  is 
pumped  directly  into  the  feed  water  line  by  the  condensation 
pump  and  raises  the  temperature  of  the  water  from  the  heaters 
considerably  before  it  enters  the  boilers. 

These  tests  were  undertaken  to  determine  the  economy  of 
the  whole  plant  including  the  boilers  and  to  find  out  the  number 
of  cubic  feet  of  gas  burned  per  hour  under  the  boilers  and  also 
the  indicated  horse  power  developed  in  the  steam  and  gas  cyl¬ 
inders.  Both  compressors  were  fully  equipped  with  indicators 
having  electric  attachments  whereby  cards  could  be  taken  from 
each  steam  cylinder  and  gas  cylinder  simultaneously.  The  gas 
burned  under  the  boilers  was  measured  by  a  gas  meter. 

Previous  to  making  the  plant  tests,  there  were  several 
evaporation  tests  made  by  representatives  of  the  Babcock  and 
Wilcox  Company.  This  work  was  under  the  direction  of  Mr. 
J  C.  Bell  of  New  York,  assisted  by  Messrs.  W.  T.  Shaler,  Ralph 
Stoltzfus  and  John  Dempster  of  Barberton,  Ohio.  Mr.  Shaler, 
Mr.  Stoltzfus  and  Mr.  Dempster  assisted  us  during  the  plant 
tests  by  overseeing  the  furnaces  and  the  combustion  of  the  gas 
used  for  fuel  and  also  much  of  the  data  during  the  test  was 
taken  by  them.  The  analysis  of  the  furnace  gases  during  the 
tests,  shown  in  Table  No.  10,  was  made  by  Mr.  Dempster  with 
the  Orsat  apparatus. 

Two  plant  tests  were  made  on  April  18th,  1911,  which  were 
referred  to  in  Mr.  Leland’s  paper,  and  were  made  by  R.  H. 
Corbett,  Houghton,  Mich.  One  of  these  tests,  see  Table  No.  8, 
was  run  for  six  hours  with  both  engines  in  operation  and  was 
immediately  followed  by  a  run  of  three  hours  with  only  one 
engine,  see  Table  No.  9. 

It  was  found  that  sufficient  gas  could  not  be  obtained  from 
the  wells  to  keep  up  the  suction  to  30  lb.  while  running  two 
engines  and  we  were  compelled  to  make  the  first  test  with  a 
suction  pressure  of  about  13  lb.  and  to  keep  the  speed  of  the 
engines  at  about  53  r.  p.  m.  instead  of  60  as  had  been  the 
intention. 

The  reduced  suction  pressure  resulted  in  increasing  the  tem¬ 
perature  of  the  gas  discharged  and  consequent  higher  tempera¬ 
ture  of  the  feed  water  leaving  the  heaters,  than  is  usual  under 
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ordinary  conditions.  The  power  developed  by  the  steam  cylin¬ 
ders  was  also  much  lower  than  it  would  have  been  with  higher 
suction  pressure  and  piston  speed. 

The  conditions  of  speed  and  pressure  were  very  constant 
during  these  tests.  After  running  six  hours  it  was  decided  to 
stop  one  engine  and  operate  the  other  with  full  speed  and  with 
higher  suction  pressure.  This  was  done  after  an  interval  of 
one-half  an  hour  required  for  adjusting  the  speed  and  pres¬ 
sures,  and  the  No.  2  engine  was  run  three  hours  with  the  suction 
pressure  several  pounds  higher  than  customary. 

The  gas  meter  was  read  every  fifteen  minutes  during  these 
plant  tests  and  the  readings  were  so  uniform  for  each  period 
that  it  was  considered  unnecessary  to  continue  the  test  longer 
than  three  hours  with  the  No.  2  engine. 

Tests  to  determine  the  steam  consumption  were  made  on  the 
No.  1  engine  by  weighing  the  water  discharged  from  the  surface 
condenser  and  reheater. 

The  Carnegie  Natural  Gas  Company,  through  the  writer, 
did  all  in  their  power  to  arrange  and  carry  out  any  suggestions 
made  in  regard  to  the  different  tests.  The  writer  also  acknowl¬ 
edges  the  assistance  of  Mr.  Leroy  G.  Gates  of  the  Nordberg 
Manufacturing  Company,  Mr.  Spitgnagle  from  the  compressing 
plant  at  Hundred,  W.  Va.  and  Messrs.  Albert  Eby  and  Ben 
Stewart,  who  are  in  charge  of  the  Underwood  plant. 

The  indicator  springs  were  calibrated  by  the  different 
makers  after  completing  the  tests  and  the  corrections  have  been 
applied  in  the  annexed  tables. 

The  gas  meter  was  calibrated  and  found  correct.  The  meter 
readings  were  not  corrected  as  the  gas  was  very  close  to  the 
standard  temperature  of  60  deg.  fahr.  and  standard  pressure  of 
S  ounces. 

TABLE  No.  8. 

Six  Hour  Plant  Test  with  both  Compressors  Running,  April  19th,  1911. 
DURATION  OF  TESTS: 

No.  1  engine,  six  hours,  from  8:45  A.M.  to  2:45  P.M. 

No.  2  engine,  six  hours,  from  8:45  A.M.  to  2:45  P.M. 

REVOLUTIONS  PER  MINUTE: 

No.  1  engine,  54.547  r.p.m.  Piston  speed  corresponding,  545.47  ft. 

No.  2  engine,  52.869  r.p.m.  Piston  speed  corresponding.  528.69  ft. 
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DIMENSIONS,  COMMON  TO  BOTH  ENGINES: 

Diameter  of  high  pressure  steam  cylinders . 31  in. 

Diameter  of  low  pressure  steam  cylinders . 68  in. 

Diameter  of  both  gas  cylinders  . 28  in. 

Common  stroke  of  all  cylinders  . 60  in. 

Diameter  of  high  pressure  piston  rods,  crank  end . 8%  n. 

Diameter  of  high  pressure  piston  rods,  head  end . 5%  n. 

Diameter  of  low  pressure  piston  rods  both  ends . 12  in. 

Diameter  of  gas  pressure  piston  rods  crank  end . 5%  in. 

Effective  area  of  high  pressure  pistons  crank  end . 698.023  sq.  in. 

Effective  area  of  high  pressure  pistons  head  end . 731.01  sq.  in. 

Effective  area  of  low  pressure  pistons  both  ends . 3518.59  sq.  in. 

Effective  area  of  gas  pistons  crank  end  . 591.99  sq.  in. 

Effective  area  of  gas  pistons  head  end  . 615.75  sq.  in. 

Heating  surface  in  each  heater  . 408  sq.  ft. 

Total  heating  surface  in  heaters  for  each  engine  . 2448  sq.  ft. 

Engine  Engine 

TEMPERATURES,  DEGREES  FAHR.  No.  1  No.2 

Steam  at  throttle —  superheat  37  deg .  410  . 

Gas  discharge  from  compressors  .  270.76  270.96 

Gas  suction  .  57.50  57.50 

Gas  leaving  heaters  .  130.40  136.00 

Hot  well  temperature  .  80.75  84.00 

Feed  water  entering  heaters .  102.75  108.32 

Feed  water  leaving  heaters  .  173.88  187.96 

Feed  water  at  boilers  .  178.45  . 

Steam  entering  low  pressure  cylinder .  270.50  270.92 

Superheat  in  steam  entering  low  pressure  cylinder....  36.00  34.50 

Low  pressure  exhaust  steam  .  124.80  . 

Cooling  w’ater  discharged  from  surface  condenser .  67.00  69.00 

Cooling  water  entering  surface  condenser  .  60.00  60.00 

Air  in  engine  room  .  74.00  . 

External  air  .  57.00  . 

Temperature  of  gas  used  for  fuel  in  boilers .  55.08  . 

PRESSURES: 

Steam  near  throttle,  lb.  per  sq.  in .  164.72  166.26 

Receiver  pressure,  lb.  per  sq.  in .  12.92  13.52 

Vacuum,  measured  in  exhaust  chamber,  in .  25.47  25.17 

Barometer,  in . .  28.88  . 

Gas  pressure,  discharge,  lbs.  per  sq.  in .  163.00  162.73 

Gas  pressure  suction,  lbs.  per  sq.  in .  14.42  12.80 

Steam  pressure  at  boilers,  lbs.  per  sq.  in .  171.68  . 

HORSE  POWER  DEVELOPED:  Engine  Engine 

CORRECTED  INDICATOR  SPRINGS  .  No.  1  No.  2 

Total  horse  power  in  steam  cylinders . 1355.81  1280.38 

Total  horse  power  in  gas  cylinders — (brake  h.p) .  1237.59  1170.58 

Horse  power  of  friction  .  118.22  109.80 

Mechanical  efficiency  percent  .  91.28  91.42 

Cut  off  in  high  press,  cyl.,  aver,  of  both  ends . 16.5%  15.0% 

Cut  off  in  low  press,  cyl.,  aver,  of  both  ends . 22.0%  23.0% 

GAS  CONSUMED  IN  BOILERS,  CU.  FT.: 

Pressure  of  gas  at  burners,  ounces  .  7.62 

Temperature  of  gas  to  burners,  deg.  fahr .  55.08 

Barometer,  28.88  in.  corresponding  pressure  .  14.17 

Gas  burned  per  hour  (meter  readings  not  corrected) . 35217.00 
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ECONOMIC  RESULTS: 

Gas  burned  per  i.  h.  p.  per  hr.,  developed  in  the  steam  cylinders, 

cu.  ft .  13.36 

Gas  burned  per  i.  h.  p.  per  hr.  developed  in  the  gas  cylinders, 

(brake  h.  p.)  .  14.63 

Heat  test  at  full  speed  No.  1  compresser.  standard  efficiency  results: 

Heat  units  consumed  per  hour  by  engine  B.  t.  u . 20  776  287.08 

"  indicated  h.  p.  B.  t.  u .  12  586.80 

“  brake  h.  p.  B.  t.  u .  13  627.00 

Heat  units  consumed  per  minute  by  engine  B.  t.  u .  346  271.45 

“  indicated  h.  p.  B.  t.  u .  206.46 

'*  brake  h.  p.  B.  t.  u .  225.45 

Equivalent  standard  coal  per  hour,  lb .  2077.63 

per  indicated  h.  p.  lb .  1.24 

per  brake  h.  p.  lb .  1.35 

Dry  steam  consumed  per  indicated  h.  p.  per  hour  lb .  11.03 

“  brake  h.  p.  per  hour  lb .  12.06 

Duty: 

Work  in  foot  pounds  developed  in  gas  cylinders  per  million 

heat  units  consumed  by  engine,  foot  pounds . 146  372  000 


TABLE  No.  9. 

THREE  HOUR  PLANT  TEST  WITH  NO.  2  COMPRESSOR,  APRIL  19th,  1911 
DURATION  OF  TEST: 

No.  2  engine,  3  hours,  from  3:15  P.M.  to  6:15  P.M. 

REVOLUTIONS  PER  MINUTE: 

60.65  r.  p.  m.,  Piston  speed  corresponding,  606.5  ft.  Full  speed. 


TEMPERATURES  : 

Steam  at  throttle — (superheat  38  deg.) . 410.00 

Gas  discharge  from  compressors  . 175.67 

Gas  suction  .  57.00 

Gas  leaving  heaters  . 122.64 

Hot  well  temperature  .  83.50 

Feed  water  entering  heaters  . 106.27 

Feed  water  leaving  heaters  . 152.36 

Feed  water  at  boilers  . 149.96 

Steam  entering  low  pressure  cylinder  (superheat  27  tfeg.) . 258.25 

Low  pressure  exhaust  steam  . 128.67 

PRESSURES:  CORRECTED 

Steam  near  throttle,  lb.  per  sq.  in . 164.37 

Receiver  pressure,  lb.  per  sq.  in .  6.84 

Vacuum  measured  in  exhaust  chamber,  inches  .  24.85 

Barometer,  inches  .  28.70 

Gas  discharge  pressure,  lb.  per  sq.  in . 156.08 

Gas  suction  pressure,  lb.  per  sq.  in .  47.27 

Steam  pressure  at  boilers,  lb.  per  sq.  n . 170.71 

HORSE  POWER  DEVELOPED:  CORRECTED  INDICATOR  SPRINGS 

Total  horse  power  in  steam  cylinders . 1661.21 

Total  horse  power  in  gas  cylinders . 1526.78 

Horse  power  of  friction  .  134.43 

Mechanical  efficiency  .  91.90 

Cut  off  in  high  press,  cyl.,  aver,  of  both  ends . 20.6% 

Cut  off  in  low  press,  cyl.,  aver,  of  both  ends . 34.2% 
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GAS  CONSUMED  BOILERS,  CU.  FT.: 

Pressure  of  gas  as  burned,  ounces  .  7.85 

Temperature  of  the  gas  as  burned,  deg.  fahr .  54.5 

Barometer,  28.70  in.,  corresponding  pressure . . .  14.08 

Gas  burned  per  hour — meter  readings  not  corrected . 24482 

ECONOMIC  RESULTS: 

Gas  burned,  per  i.  h.  p.  per  hr.  developed  in  the  steam 

cylinders,  cu.  ft . 14.74 

Gas  burned,  per  i.  h.  p.  developed  in  the  gas  cylnders, 

(brake  h.  p.),  cu.  ft . 16.08 


TABLE  No.  10. 


Flue  gas  analysis  during  test  made  by  Wr.  T.  Shaler  &  John  Dempster. 


Sample 

co2 

O  CO 

N 

Time 

No. 

8:45  A.M. 

1 

6.4 

9.5 

0 

84.1 

Back  of  No.  4. 

9:00  A.M. 

2 

6.1 

10.4 

0 

83.5 

9:15  A.M. 

3 

6.0 

10.4 

0 

83.6 

10:00  A.M. 

4 

6.4 

9.3 

0 

84.3 

Side  of  No.  4. 

10:15  A.M. 

5 

6.1 

9.5 

0 

84.4 

10:30  A.M. 

6 

7.0 

8.7 

0 

84.3 

10:50  A.M. 

7 

6.8 

9.0 

0 

85.2 

11:35  A.M. 

S 

8.6 

6.1 

0 

85.3 

Side  of  No.  3. 

11:45  A.M. 

9 

8.0 

7.3 

0 

84.7 

Trace  of  smoke 

12:05  P.M. 

10 

8.2 

6.6 

0 

85.2 

1:40  P.M. 

11 

8.1 

2:05  P.  M. 

12 

8.2 

6.5 

0 

85.3 

Side  of  No.  3. 

2:30  P.M. 

13 

8.8 

5.6 

0 

85.6 

2:50  P.M. 

14 

Fire  turned 

out. 

3:15  P.M. 

15 

7.7 

8.2 

2 

84.6 

Changing  engines, 

4:00  P.M. 

16 

6.2 

10.0 

0 

83.8 

fires  smoked  badly. 

4:15  P.M. 

17 

6.1 

10.0 

0 

83.8 

4:45  P.M. 

18 

6.5 

9.8 

1 

83.6 

Back  of  No.  4. 

5:15  P.M. 

19 

6.4 

9.8 

0 

83.8 

5:40  P.M. 

20 

6.4 

9.7 

0 

84.0 

6:05  P.M. 

21 

6.4 

9.7 

0 

83.9 

Dr. 

Walter  0.  Snelling  : 

# 

The 

new  liquid  gas,  to  which 

the  trade 

name  ‘ 

‘  Gasol 

”  has  been 

given,  is  prepared  from  nat- 

ural  gas 

by  a  method 

which 

consists  essentially  in  the  pre- 

liminary 

condensation 

of  “wet 

.  ?  > 

gas, 

such  as  oil-well  gas;  the 

separation  of  gasoline 

from  this 

first 

condensate,  followed  by 

the  further  separation  of  the  lighter  hydrocarbons,  with  the 
exception  of  methane,  by  a  system  of  rectification  which  con¬ 
sists  essentially  in  volatilizing  all  of  the  hydrocarbons  present 
under  pressure  of  about  1000  pounds  per  square  inch,  and  then 
condensing  upon  heated  coils  certain  fractions  of  the  material 
thus  volatilized,  the  condensation  being  selective,  and  based 

^Consulting  Chemist,  Pittsburgh. 
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upon  the  difference  in  critical  temperature  of  the  gases  present. 
It  is  a  well-known  physical  fact  that  for  each  gas  there  is  a 
certain  temperature  above  which  pressure,  no  matter  how  great, 
will  fail  to  reduce  the  material  to  a  liquid  condition.  By  taking 
a  number  of  gases  and  passing  them,  under  very  high  pressure, 
past  coils  which  are  heated  to  a  temperature  higher  than  the 
critical  temperature  of  certain  of  the  gases  present,  but  lower 
than  the  critical  temperature  of  others,  it  becomes  possible  to 
prepare  pure  fractions  of  the  hydrocarbons,  and  it  is  by  a 
method  based  upon  these  fundamental  considerations  that  the 
new  “liquid  gas”  is  prepared. 

“Gasol”  is  a  colorless  and  transparent  liquid,  which  can 
be  conveniently  transported  in  steel  bottles,  and  which  upon 
release  of  pressure  forms  a  pure  gas  of  very  homogeneous  na¬ 
ture  and  high  heating  power.  Under  pressures  of  more  than 
400  pounds  per  square  inch  the  material  is  a  liquid  at  ordinary 
temperatures,  but  at  any  pressure  less  than  400  pounds  it  is 
resolved  into  gas.  The  calorific  power  of  the  gas  is  2400  B.  t.  u. 
per  cubic  foot,  and  has  therefore  about  four  times  the  heating 
power  of  coal  gas,  and  somewhat  twice  the  heating  power  of 
ordinary  natural  gas.  From  the  work  so  far  done  it  seems  evi¬ 
dent  that  this  new  product  will  play  an  important  part  in  the 
lighting  of  isolated  dwellings,  since  at  present  it  is  being  pre¬ 
pared  at  a  cost  which  allows  it  to  be  shipped  in  steel  cylinders 
over  a  radius  of  300  or  400  miles,  and  to  then  be  supplied  to 
isolated  dwellings  at  a  cost  equal  to  that  of  coal  gas  at  about 
one  dollar  per  1000  cubic  feet.  The  light  produced  by  the  new 
gas,  when  burned  in  the  ordinary  Welsbach  mantle,  is  decidedly 
brighter  and  whiter  than  is  the  light  produced  from  natural 
gas  or  coal  gas,  and  when  used  in  cooking  the  Haine  which  is 
produced  deposits  no  soot,  is  intensely  hot,  and  has  been  found 
to  be  eminently  adapted  to  household  use. 

It  is  of  course  evident  that  Gasol  can  only  be  prepared  in 
the  vicinity  of  suitable  natural  gas,  and  for  some  months  past 
an  energetic  canvass  has  been  made  to  determine  the  source  of 
gas  which  are  most  suitable,  and  leasing  arrangements  to  cover 
these  sources  have  been  made.  The  work  of  supplying  the  new 
gas  is  now  being  pushed,  and  the  gas  is  being  distributed  in 
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cylinders,  each  holding  40  pounds  of  the  liquid  gas,  one  such 
cylinder  supplying  sufficient  gas  for  the  average  house  for  about 
a  month,  one  cylinder  of  the  liquid  producing  gas  equivalent  in 
heating  power  to  about  2000  cubic  feet  of  coal  gas. 

Mr.  G.  A.  Burrell  :*  The  Bureau  of  Mines  has  been  col¬ 
lecting  samples  of  natural  gas  from  different  parts  of  the  coun¬ 
try  in  order  to  study  the  characters  of  the  gas  from  different 
places.  As  Mr.  Leland  has  stated,  natural  gases  may  be  divided 
from  a  practical  standpoint  into  two  classes,  wet  and  dry.  By 
wet  gas  is  meant  a  gas  containing  easily  liquifiable  vapors.  By 
dry  gas  is  meant  gas  known  and  used  as  the  natural  gas  of  com¬ 
merce.  The  wet  gases,  known  in  the  country  of  the  oil  fields, 
forms  the  basis  of  the  so-called  “ natural  gasoline”  industry. 
The  line  of  distinction  is  not  sharp  because  gases  which  are 
not  suitable  for  the  commercial  production  of  gasoline  in  the 
sense  that  a  compressing  outfit  may  be  economically  installed, 
and  which  are  transported  in  pipe  lines  under  pressure  to  the 
points  of  consumption,  do  produce  liquids  especially  in  winter, 
which  must  be  removed  to  better  facilitate  the  handling  of  the 
gas. 

Some  natural  gases  contain  methane  as  the  only  hydro¬ 
carbon  and  strictly  speaking  such  a  gas  is  dry,  because  methane 
only  becomes  liquid  under  a  pressure  of  about  735  lb.  per  sq. 
in.  at  95  deg.  cent.  Those  gases  which  are  brought  from  the 
large  fields  of  the  country  under  pressure  largely  appear  to  be 
mixtures  in  which  methane  predominates,  with  smaller  quanti¬ 
ties  of  ethane  and  still  smaller  proportions  of  the  higher  paraf¬ 
fine  hydrocarbons. 

Pittsburgh  Natural  Gas :  The  natural  gas  of  Pittsburgh  is 
an  example.  By  combustion  analyses  we  find  that  the  hydro¬ 
carbons  consist  of  about  84  percent  methane  and  15  percent  of 
ethane.  Carbon  dioxide  is  present  to  the  extent  of  about  0.03 
percent  and  the  balance  is  nitrogen.  The  specific  gravity  of 
the  gas  compared  to  air  is  about  1 :0.64  and  the  heating  value 
about  1100  B.  t.  u.  per  cu.  ft,  at  0  deg.  cent,  and  760  mm. 
pressure.  It  is  not  possible  by  present  methods  of  anaylsis  to 
differentiate  between  the  hydrocarbons  in  a  mixture  of  several, 

♦Chemist,  U.  S.  Bureau  of  Mines  Testing  Station,  Pittsburgh. 
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hence  smaller  proportions  of  the  higher  paraffin  hydrocarbons 
than  ethane  are  not  shown.  The  total  quantity  of  paraffine  is, 
however,  exact. 

Other  Natural  Gases :  On  the  whole  the  natural  gases  of 
the  Appalachian  region  appear  to  be  of  a  slightly  higher  heat¬ 
ing  value  than  western  gases.  Carbon  dioxide  is  usually  pres¬ 
ent  in  very  small  quantity.  Contrary  to  usual  text  book  infor¬ 
mation  carbon  monoxide  hydrogen  and  olefine  hydrocarbons 
have  not  detected  the  natural  gases  this  far  examined. 

Carbon  Monoxide :  Natural  gas  users  are  fortunate  in  that 
carbon  monoxide  is  not  present  because  this  constituent  eve.u 
when  present  to  the  extent  of  0.2  or  0.3  percent  in  an  atmos¬ 
phere  is  rapidly  poisonous  to  the  human  system. 

Nitrogen  in  Natural  Gas:  As  an  example  of  an  extreme 
quantity  of  nitrogen  in  natural  gas  mention  might  be  made 
of  a  gas  issuing  from  the  earth  in  the  state  of  Washington  that 
contains  98  percent. 

Carbon  Dwxide  Natural  Gas :  A  sample  of  casing  head  gas 
obtained  in  the  oil  fields  of  southern  California  contained  30 
percent  carbon  dioxide.  This  is  also  an  extreme  case. 

Natural  Gas  Gasoline :  Regarding  the  wet  gases  we  find 
that  some  of  them  contain  enough  of  the  higher  paraffin  hydro¬ 
carbons  so  that  gasoline  extraction  therefrom  is  a  profitable  in¬ 
dustry.  Many  plants  are  producing  three  or  four  gallons  of 
gasoline  per  1000  cu.  ft.  of  gas.  In  some  cases  this  production 
is  exceeded.  These  figures  have  reference  to  the  gasoline  ac¬ 
tually  sold.  The  condensate  received  in  the  storage  tank  may 
be  more  than  this,  but  so  volatile  are  some  fractions  that  they 
volatilize  upon  exposure  to  normal  temepratures  and  pressures. 

The  crude  gas,  as  is  generally  known,  is  subjected  to  pres¬ 
sures  up  to  300  lb.  per  sq.  in.  and  then  cooled  in  water  jacketed 
pipes  whereupon  higher  members  of  the  paraffin  hydrocarbons 
liquefy.  The  utilization  of  higher  pressures  is  unwarranted  be¬ 
cause  the  result  is  simply  a  larger  quantity  of  volatile  liquids, 
which  are  lost  on  exposure  to  the  air. 

Liquified  Natural  Gas:  The  Bureau  has  issued  one  pamph¬ 
let  on  liquid  natural  gas.  By  liquified  natural  gas  is  meant  the 
retaining  in  stout  cylinders  of  the  volatile  proportions  of  the 
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condensate  and  the  obtaining  of  a  gas  for  household  and  other 
purposes  by  cracking  the  cylinder  valve. 

Air  in  Natural  Gas :  Oxygen  has  not  been  detected  in  the 
natural  gases  thus  far  examined  when  the  samples  were  taken 
under  such  conditions  as  to  preclude  introduction  of  air  due 
to  faulty  sample.  As  Mr.  Leland  has  stated,  the  Bureau  has 
been  examining  the  natural  gas  used  in  Pittsburgh  for  a  period 
of  three  years  and  has  not  found  oxygen  in  quantities  within 
the  error  of  experimentation.  This  error  does  not  exceed  0.1 
percent  and  frequently  has  been  reduced  by  using  large  quanti¬ 
ties  of  gas.  It  cannot  be  definitely  stated,  however,  that  oxygen 
in  minute  traces  may  not  be  present  at  times.  Such  traces  have 
no  significance  however  as  regards  the  question  sometimes  raised 
as  to  the  introduction  of  air  at  compressing  stations. 

Mr.  A.  J.  Schroth:*  To  burn  natural  gas  successfully, 
from  a  commercial  and  financial  standpoint,  these  fundamental 
principles  must  be  observed : 

First :  A  proper  quantity  of  gas  and  oxygen  must  be 
brought  in  contact  with  each  other. 

Second:  After  being  brought  in  contact,  they  must  be 
thoroughly  mixed  before  reaching  the  point  of  ignition. 

Third :  Combustion  must  take  place  before  they  have  an 
opportunity  to  separate,  which  they  will  do  in  a  comparatively 
short  space  of  time. 

To  insure  practically  perfect  combustion  it  is  necessary  to 
have  control  of  both  the  gas  and  air. 

In  the  burner  that  the  writer  is  most  familiar  with,  the  gas 
is  admitted  to  the  mixing  chamber  through  a  plurality  of  cir¬ 
cumferentially  arranged  rows  of  openings,  each  row  being  of 
different  size  and  controlled  by  a  valve,  the  object  being  to 
control  the  quantity  of  gas  admitted  to  the  mixing  chamber, 
without  changing  the  velocity  of  the  jets,  which  will  insure 
mixture  of  the  gas  and  air. 

The  contents  of  the  mixing  chamber  being  put  in  a  spiral 
or  rotary  motion  by  the  manner  in  which  the  gas  enters,  insures 
a  perfect  mixture  of  air  and  gas  before  entering  the  furnace. 

♦President,  Empire  Mine  and  Mill  Supply  Co.,  Pittsburgh. 
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The  manner  in  which  this  burner  is  constructed  permits  the  use 
of  gas  from  one  ounce  pressure  upwards. 

A  gas  burner  to  be  successful,  should  be  both  economical 
and  efficient.  To  be  economical,  it  must  have  perfect  control 
of  both  ihe  air  and  gas  supply,  which  should  be  regulated  to 
suit  conditions.  To  be  efficient,  it  must  be  equal  to  any  emerg¬ 
ency,  such  as  over-load,  low  gas  pressure,  or  sudden  change  of 
service. 

Natural  gas,  when  supplied  with  the  proper  amount  of 
oxygen,  and  thoroughly  mixed,  will  burn  at  a  temperature  of 
about  4  200  deg.  However,  it  is  not  always  desirable  to  use  this 
temperature,  as,  in  some  cases,  it  would  injure  the  products  of 
the  furnace  for  which  it  was  being  used. 

When  complete  combustion  of  gas  takes  place,  much  moist¬ 
ure  is  liberated  in  the  form  of  vapor  which  will  be  condensed  on 
the  surface  of  any  object  which  is  at  a  low  temperature, 
and  will  be  absorbed  by  any  object  which  will  retain  moisture. 

The  proper  way  to  test  a  gas  burner  is  to  analyze  the  flue 
gases,  a  sample  of  which  should  be  taken  as  near  the  point  of 
combustion  as  possible,  after  all  air  leaks  have  been  well  stopped 
in  the  boiler  setting  back  of  the  fire  box.  The  amount  of  CO, 
CO.,  and  free  oxygen  contained  in  this  sample  will  determine 
whether  the  proper  quantities  of  gas  and  oxygen  were  properly 
mixed  at  the  point  of  combustion. 

Assuming  that  the  gas  contains  1  000  B.  t.  u.  per  cu.  ft,  the 
boiler  and  furnace  would  have  to  develop  a  combined  efficiency 
of  83.17  percent,  which  is  about  as  good  as  the  average  boiler 
will  do.  Many  tests  show  better  results,  but  the  usual  guarantee 
is  40  cu.  ft.  per  boiler  h.  p.,  or  0.862  lb.  of  water  evaporated  per 
cu  ft.  of  eras. 

In  my  experience,  a  gas  pressure  of  from  four  to  eight 
ounces  gives  the  best  results  in  both  economy  and  efficiency. 
The  intensity  of  the  draft  will  also  have  some  effect  on  the  ca¬ 
pacity  of  the  burner,  as  it  will  cause  a  greater  or  less  volume 
of  air  to  enter  the  mixing  chamber.  Steam  or  compressed  air 
can  be  used  to  create  a  vacuum  in  the  mixing  chamber,  when 
gas  pressure  is  low  and  draft  very  poor.  The  gas  pressure  should 
alwaj^s  be  measured  at  the  burner,  and  not  at  the  meter  or  some 
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where  else  along  the  gas  line.  In  some  few  cases,  the  use  of 
steam  in  connection  with  gas  burners  will  be  a  benefit.  In  all 
such  cases  some  of  the  following  conditions  will  be  present : 

Insufficient  draft  to  carry  away  the  product  of  combustion. 

Insufficient  burner  capacity. 

Insufficient  boiler  and  furnace  capacity  to  do  the  worii 
required. 

Insufficient  gas  pressure  at  the  burner. 

Installation  not  properly  made. 

Burners  not  properly  operated. 

When  steam  is  used  it  is  only  for  the  purpose  of  securing 
proper  mixture  of  the  air  and  gas.  This  is  accomplished  by 
the  steam  entering  the  mixing  chamber  through  several  very 
small  jets  in  a  spiral  or  rotary  manner,  causing  a  partial  vacuum 
which  in  turn  will  cause  more  air  to  flow  into  the  burner. 

Chairman  G.  IT.  Neilson  :*  I  think  it  would  be  of  interest 
to  a  great  many  of  us  to  know  just  where  the  gas  comes  from, 
and  which  is  considered  the  best  producing  sand  in  Pennsyl¬ 
vania,  the  Speechley  or  the  Bradford?  We  drilled  to  the 
Speechley  sand,  2650  feet,  and  got  initial  rock  pressure  of  720 
lb.  The  well  has  not  been  particularly  good  or  bad,  but  we 
were  told  that  if  we  had  gone  down  to  the  Bradford  sand  we 
would  probably  have  a  very  much  better  well. 

Mr.  Henry  WTttmer  : j*  I  do  not  think  there  is  any  ques¬ 
tion  about  the  Speechley  being  very  much  the  best.  That  is 
not  saying  very  much  for  the  Speechley  either.  The  Bradford 
sands  cover  a  larger  area  but  the  sand  is  close  and  does  not 
produce  well.  It  has  a  very  good  rock  pressure,  considerably 
higher  than  the  Speechley,  but  the  Speechley  sand  in  a  few 
places  has  been  quite  open  and  productive.  We  have  had  wells 
that  have  done  several  million  feet  a  day.  The  Bradford  sand 
ought  to  produce  well,  there  are  from  30  to  50  feet  of  the  sand, 
but  up  to  this  time  I  do  not  know  of  a  Bradford  well  that  has 
produced  much  above  a  million  feet.  It  has  shown  pressures 
as  high  as  1200  to  1300  lb. 

♦General  Manager,  Braeburn  Steel  Company,  Pittsburgh. 
tPresident,  American  Natural  Gas  Company,  Pittsburgn. 
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I  understood  Mr.  Leland  to  state  that  the  Corliss  cross 
compound  engine  was  known  to  operate  on  13  cu.  ft.  of  gas  per 
h.  p.  hr.  Is  that  correct? 

The  Author:  Yes,  13.63  cu.  ft.  of  gas  per  i.  h.  p.  in  the 
steam  cylinder. 

Mr.  Henry  Wittmer:  It  seems  to  me  that  would  make  gas 
engines  look  less  desirable.  I  did  not  know  that  could  be  done. 

Mr.  F  P.  Fisher  :$  I  would  like  to  take  issue  with  Mr. 
Leland  on  the  general  point  that  while  natural  gas  is  com¬ 
paratively  cheap,  because  we  do  not  have  to  pay  out  cash  money 
for  it  as  a  gas  company,  it  is  a  very  secondary  matter  whether 
we  waste  quite  a  little  of  it  in  our  pumping  stations,  or  in  any 
other  way,  and  that  fuel  economy  should  come  last  in  deter¬ 
mining  the  type  of  station  we  should  use.  It  is  important  for 
us  to  conserve  every  foot  of  this  fluid.  In  Chicago,  where  the 
natural  gas  field  weakened  the  citizens  pleaded  not  to  be  shut 
off  if  they  had  to  pay  even  $1.00  a  thousand  for  gas.  In  Kan¬ 
sas  City  where  they  face  a  very  critical  condition  at  this  time, 
as  to  whether  the  gas  supply  Anil  continue,  I  heard  the  opinion 
expressed  by  citizens  that  if  they  had  to  pay  twice  what  they  are 
paying  noAv  for  natural  gas  they  would  rather  do  that  than  lose 
it,  or  lose  even  a  few  years  of  its  use.  We  do  not  have  the  right 
to  Avaste  it  freely  because  it  does  not  mean  an  appreciable  cash 
outlay.  An  economical  prime  mover  serves  to  conserve  the  gas 
supply  and  the  gas  engine  has  undoubtedly  furnished  an  econ¬ 
omy  which  outAveighs  its  disadvantages. 

In  a  station  erected  during  the  past  year  and  started  six 
or  seven  months  ago,  a  gas  engine  plant  was  installed  with  long 
stroke  compressors,  having  all  the  advantages  referred  to  in  the 
paper  of  the  evening.  The  total  rated  horse-poAA’er  of  the  sta¬ 
tion  Avas  about  2000  h.  p.,  the  average  of  the  stations  operated 
by  the  large  companies  in  this  district.  The  cost  per  horse- 
poAver  of  constructing  this  station  Avas  in  very  close  harmony 
with  that  of  the  steam  station  mentioned  by  the  author  in  Table 
No.  3.  Up  to  the  present  time  there  has  not  been  fifteen  minutes 
loss  of  service,  or  of  gas  to  the  consumers,  from  pump  station 

j-Engineer  with  The  George  T.  Ladd  Company,  Pittsburgh. 
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trouble  of  any  kind.  The  station  operates  on  approximately  10 
cu  ft.  of  gas  per  h.  p.  developed,  and  that  without  the  refine¬ 
ments  which  make  this  one  isolated  steam  station,  the  test  of 
which  was  quoted,  noteworthy.  This  is  only  average  gas  engine 
practice  and  economy,  but  it  has  been  compared  persistently 
with  the  test  of  a  very  high  grade  steam  engine,  a  type  of  which 
so  far  only  one  has  been  developed  and  used  in  the  gas  com¬ 
pressing  business,  and  has  also  been  compared  by  the  speaker 
with  the  possible  future  development  of  some  other  type  of 
steam  mover  that  it  is  hoped  will  attain  great  fuel  economy.  It 
seems  to  me  that  by  dividing  the  gas  compressing  stations  into 
somewhat  smaller  units,  and  by  using  a  rope,  or  other  type  of 
drive,  which  permits  the  engine  and  compressor  to  run  at  dif¬ 
ferent  speeds,  it  is  feasible  to  use  the  well  known,  well  establish- 
ed,  economy  of  fuel  of  the  gas  engine  to  save  the  fuel  of  the 
country  for  the  use  to  which  it  is  so  well  adapted  and  for  which 
it  is  so  needed. 

Mr.  J  W.  Macartney  :*  Gas  engines  have  been  compared 
this  evening  with  steam  engines,  which  is  all  right  as  far  as  it 
goes.  But  has  not  most  of  the  trouble  in  gas  engine  compressing 
stations  been  due  to  the  gas  engines  being  overloaded  and  not 
being  built  with  a  reserve  capacity  such  as  steam  engines  have? 
Furthermore,  have  these  gas  compressors  that  have  been  giving 
so  much  trouble  not  been  of  the  older  types,  and  has  there  not 
been  a  great  development  since  then?  The  gas  engine  is  new 
and  not  fully  developed. 

The  Author  :  At  the  1911  spring  meeting  in  Pittsburgh 
of  the  American  Society  of  Mechanical  Engineers,  the  fact  was 
brought  out  that  a  gas  engine  can  not  operate  at  an  overload, 
but  that  its  power  is  limited  to  the  quantity  of  explosive  mixture 
the  cylinders  and  combustion  chambers  will  hold.  However,  I 
agree  with  Mr.  Macartney  that  many  troubles  have  been  due  to 
operating  gas  engines  at  nearly  full  load. 

In  order  that  no  one  shall  be  misled  by  the  discussion  about 
saving  gas  at  compressing  stations  I  will  state  that  the  gas 
used  for  power  and  heating  at  a  station  only  amounts  to  from 

♦Manager,  Bessemer  Gas  Engine  Co.,  Bessemer  Bldg.,  Pittsburgh. 
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one  to  five  percent  of  the  total  gas  delivered.  The  remaining 
95  to  99  percent  passes  on  to  the  towns  and  cities  to  be  used 
wastefully  or  otherwise,  according  to  the  will  of  the  consumer, 
or  the  efficiency  or  inefficiency  of  the  various  appliances  used. 
Open  grates,  poorly  designed  furnaces,  improperly  adjusted 
mixers,  or  overheated  buildings  all  contribute  to  the  waste  of 
this  convenient  fuel. 

The  gas  engine  station  described  by  Mr.  Fisher  is  another 
example  of  the  drift  toward  installing  smaller  gas  engine  units, 
and  I  agree  with  him  that  this  type  of  station  has  many  advan¬ 
tages  over  the  larger  gas  engine  installations.  In  fact,  last  fail 
at  a  point  where  continuous  running  was  not  essential,  I  installed 
a  150  h.  p.  gas  engine  compressing  station  of  this  rope  drive 
type. 

The  approximate  10  cu.  ft.  of  gas  per  h.  p.  hr.  Mr.  Fisher 
mentions  is  in  line  with  a  test  of  an  1100  h.  p.  four-cycle  twin 
tandem  gas  engine  compressor  located  at  Scipio,  Kansas.  This 
test  was  made  March  30th,  1912,  by  Professor  F.  P.  Walker  of 
the  University  of  Kansas.  He  was  assisted  by  the  students  of 
the  University  and  the  results  of  the  test  as  published  in  the 
1912  Proceedings  of  the  Natural  Gas  Association  of  America, 
showed  a  development  of  an  i.  h.  p.  hr.  in  the  power  cylinder  on 

11.98  cu.  ft.  oi  gas,  and  an  i.  h.  p.  hr.  in  the  compressor  on 

14.98  cu.  ft.  of  gas.  Total  power  in  power  cylinders  equals 
1176  i.  h.  p.  Total  power  in  compressor  cylinders  equals  933 
i.  h.  p.  Mechanical  efficiency  equals  80  percent.  Piston  speed 
equals  694  ft.  per  min. 

Mr.  Fisher  is  mistaken  in  assuming  I  favor  the  waste  of 
gas.  On  the  contrary  reference  to  my  paper  will  show  that  I 
favor  using  a  type  of  station  that  is  suited  to  the  use  of  coal 
for  fuel,  and  thus,  when  conditions  warrant,  save  all  the  gas 
for  market.  Will  Mr.  Fisher  kindly  tell  the  cost  of  that  gas 
engine  station  he  refers  to? 

Mr.  F.  P.  Fisher:  About  $63  a  horse-power.  There  is 
one  unit  installed  there  that  has  not  been  called  into  service 
during  the  winter.  But  the  units  that  were  running  operated  at 
from  50  to  80  percent  of  their  maximum  load. 
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The  Autpior:  How  many  units  were  installed? 

Mr.  F.  P.  Fisher  :  Four  in  use  and  one  that  has  not  been 
operated  vet.  The  percentage  of  work  to  capacity  of  station  is 
the  same  as  that  shown  on  the  various  tables  given  in  Mr.  Le- 
land’s  paper  for  steam  engine  stations.  The  cost  per  horse-pow¬ 
er  I  have  given  includes  items  usually  left  out  in  such  analyses. 
It  would  correspond  to  a  cost  of  approximately  $50  on  the  basis 
that  such  costs  are  usually  calculated. 

The  Author:  Referring  to  comparative  cost  of  installa¬ 
tions,  the  2000  h.  p.  gas  engine  station  at  $63  per  h.  p.  would 
cost  about  $125  000.  The  cost  of  this  station,  located  on  a  rail¬ 
road,  compares  favorably  with  the  cost  of  the  large  gas  engine 
compressing  stations  in  Kansas  which  are  similarly  located.  The 
figures  from  $63  to  $65  per  h.  p.  were  given  by  the  superintend¬ 
ent  and  erecting  engineer  of  the  stations  in  the  recent  Kansas 
City  Convention  of  the  Natural  Gas  Association. 

The  1800  h.  p.  steam  engine  station  mentioned  in  Table  No. 
3,  is  located  eight  miles  from  a  railroad,  and  the  total  cost  was 
$60  863.26,  or  about  $34  per  h.  p.  This  includes  the  expense  of 
hauling  and  of  the  engineers’  dwellings  but  not  the  cost  of  the 
site. 

In  this  connection  it  will  be  of  interest  to  know  the  cost  of 
the  steam  engine  station  which  has  made  such  an  excellent  rec¬ 
ord  of  fuel  economy.  Mr.  Glass  may  be  able  to  give  us  some 
figures  concerning  this  station. 

Mr.  John  Glass:  The  capacity  of  our  Underwood,  West 
Va.,  station  is  4300  h.  p.,  based  on  the  capacity  of  boilers  in¬ 
stalled.  We  can  do  more  with  the  engines  but  this  is  all  we 
could  do  with  the  plant  without  installing  additional  boilers. 
This  will  bring  the  cost  per  horse  power,  based  on  4300  h.  p., 
up  to  about  $34.  This  cost  includes  cost  of  site’  railroad  siding, 
houses  for  engineers  and  all  complete. 

Mr.  F.  C..  Lynch  :*  In  defense  of  the  gas-engine  I  would 
like  to  say  that,  as  result  of  my  experience  in  the  Kansas  field, 
the  danger  argument  does  not  seem  to  favor  the  steam  engine 
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to  such  a  large  degree  as  has  been  pointed  out.  In  the  Kansas 
field  the  installations  are  almost  entirely  gas  engine  driven 
plants,  there  being  22  of  the  1000  h.  p.  type,  and  about  the 
same  number  of  smaller  engines.  There  have  been  five  explo¬ 
sions  at  the  compressing  stations  with  which  I  am  familiar  and 
all  have  been  caused  either  by  a  failure  at  the  compressor,  or 
the  connecting  pipes.  I  am  not  aware  of  any  explosions  occur¬ 
ring  due  to  the  gas  engines. 

The  large  number  of  cracked  cylinders  which  have  occur¬ 
red  at  Scipio  is  a  surprise  to  me,  they  having  occurred  since  I 
left  the  Gas  Company.  However,  in  regard  to  this  matter 
which  has  been  brought  up  against  the  gas  engines  to  show 
the  high  rate  of  depreciation  encountered  with  this  type  of 
prime  mover,  I  would  also  like  to  defend  the  gas  engine. 

The  cause  of  these  cracked  cylinders  is  clearly  a  matter  of 
not  circulating  the  cooling  water  so  that  the  cylinders  will  be  of 
equal  temperature  in  all  places.  1  think  that  the  gas  engine 
designing  and  operating  companies  have  both  gained  some  val¬ 
uable  information  in  regard  to  this  matter,  and  as  the  result  of 
this  and  a  few  other  cases,  believe  that  trouble  will  be  practically 
eliminated  in  the  future. 

The  water  jackets  on  these  large  engines  have  been  de¬ 
signed  with  a  very  liberal  water  space  surrounding  the  cylinders, 
and,  as  a  result  the  velocity  of  the  water  has  been  greatly  re- 
duced.  The  cooling  water  is  usually  taken  from  ponds  or 
reservoirs  and  naturally  contains  a  very  large  amount  of  mud. 
From  the  time  the  water  leaves  the  pond  until  it  enters  the 
cylinder  it  is  kept  at  a  high  velocity,  since  it  is  usually  pumped 
directly  into  the  engines,  using  a  tank  only  in  case  of  emergency. 
Upon  entering  the  cylinder  the  velocity  of  the  water  is  greatly 
reduced,  and  this,  together  with  the  heating  causes  the  mud 
to  precipitate  and  is  deposited  in  the  bottom  parts  where  the 
velocity  is  lowest.  As  soon  as  enough  mud  is  deposited  a  hot 
spot  is  caused  and  expansion  takes  place,  other  parts  of  tin*  cyl¬ 
inder  being  cool  a  cracked  cylinder  is  sure  to  result.  The  most 
dangerous  feature  is  that  there  is  no  external  indication  of  the 
trouble,  the  cooling  water  on  leaving  the  cylinder  still  having  a 
very  moderate  temperature  and  tin*  jacket  appearing  cool  all 
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around.  Some  companies  follow  the  practice  of  occasionally 
using  acid  to  clean  the  jackets  which  will  prove  successful 
where  city  water  and  cooling  towers  are  used,  in  this  case  scale 
being  the  principal  deposit.  However,  the  acid  has  no  effect 
on  the  mud. 

At  the  present  time  some  of  the  manufacturers  are  equip¬ 
ping  their  engines  with  hand-hole  plates  on  the  water  jackets, 
for  the  purpose  of  cleaning  out  this  deposit  of  mud,  the  same  as 
used  on  boilers. 

I  consider  that  the  trouble  just  discussed  and  the  extrava¬ 
gant  idea  of  the  operating  engineer  in  economizing  oil  can 
clearly  account  for  the  trouble  at  Scipio,  and  that  it  is  unjust 
to  use  this  case  as  an  example  of  the  depreciation  of  gas  en¬ 
gines  in  considering  future  installations. 

Mr.  L.  C.  Frohrieb  :  In  connection  with  the  question  of 
danger  in  gas  compressing  stations,  the  gas  engine  is  at  a  con¬ 
siderable  disadvantage,  with  its  flame  of  over  200  lb.  pressure  in 
the  power  cylinder  of  the  gas  engine,  only  separated  from  a  high 
gas  pressure  in  the  compressors  by  stuffing  boxes,  which  often 
leak. 

Mr.  Macartney ’s  reference  to  overloaded  engines  points  to 
one  source  of  trouble.  Many  builders  rate  their  gas  engines  at 
the  maximum  possible  horse  power  of  new  engines  in  first  class 
condition,  and  purchasers  naturally  expect  to  realize  this  power 
continuously.  This  is  practically  an  impossibility  with  an  in¬ 
ternal  combustion  engine.  If  they  would  rate  the  1000  h.  p.  gas 
engine  at  say  600  h.  p.  they  would  allow  for  a  reasonable  mar¬ 
gin  and  the  engines  would  probably  run  with  less  trouble,  but 
at  the  expense  of  lower  efficiency. 

Reference  to  conserving  gas  suggests  the  case  of  the  Scipio, 
Kansas,  plant,  where  gas  at  the  station  is  worth  20c  and  yet 
they  are  using  it  for  gas  engines  in  face  of  the  fact  that  coal 
can  be  obtained  for  $1.35  per  ton.  If  they  had  installed  a  steam 
driven  station  and  used  coal  for  fuel  they  could  have  saved  on 
this  basis  $7500  per  month  over  what  the  gas  cost  them  in  using 
gas  engines  and  they  could  have  also  supplied  about  1300  con¬ 
sumers  in  Kansas  City. 
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If  gas  is  worth  50c  in  Kansas  City,  as  was  just  stated,  it 
is  worth  at  least  45c  at  Scipio,  which  is  a  relay  station  about 
half  way  between  the  field  and  the  city.  This  would  make  the 
saving,  by  using  coal  instead  of  gas,  considerably  more  than 
$7500  per  month 

While  the  gas  engine  may  still  be  in  course  of  development 
it  is  not  reasonable  to  expect  gas  companies  to  pay  for  this  de¬ 
velopment.  Mr.  Bruno  V.  Nordberg  spent  six  months  in  Ger¬ 
many  studying  this  same  question  very  thoroughly  and  came 
back  with  the  information  that  the  larger  size  gas  engine  was  not 
the  engine  to  use  in  this  country. 

Another  thing  which  is  detrimental  to  the  life  of  a  gas 
engine  is  that  it  starts  very  quickly  and  the  sudden  heat  changes 
induce  cracks.  If  they  could  take  four  or  five  hours  to  start  a 
gas  engine  and  bring  it  up  to  full  load  and  then  reduce  the 
load  in  the  same  length  of  time  the  life  would  be  much  longer, 
but  gas  compressing  work  will  not  permit  this. 

Mr.  Lynch  stated  that  when  he  left  Kansas  there  were  no 
cracks  in  the  cylinders  at  Scipio.  I  was  there  when  they  had 
the  engines  dismantled  and  saw  the  cracks. 

Can  Mr.  Leland  give  any  other  points  of  danger  in  com¬ 
pressing  stations  beside  leaky  stuffing  boxes? 


The  Author  :  The  features  that  may  cause  gas  explosions 
change  with  the  design  and  details  of  each  compressing  station. 
In  Pennsylvania  explosions  have  occurred  while  trying  to  start 
the  gas  engines,  or  while  the  engineer  was  working  with  the 
igniters.  In  West  Virginia,  at  a  large  gas  engine  station,  an 
explosion  was  due  to  gas  in  the  air  tank.  At  another  station 
there  were  four  large  gas  engines  running  and  the  fifth  was 
dismantled  for  repairs  when  an  explosion  occurred.  At  another 
station  the  engineer  was  using  an  extension  light.  In  Ohio, 
Indiana  and  Kansas  explosions  have  occurred  but  conflicting 
explanations  as  to  the  cause  are  usually  given.  These  accidents 
have  shown  the  wisdom  of  extreme  care  in  excluding  fire  from 
our  compressor  houses. 

There  is  danger  for  our  men  in  all  the  gas  stations  whether 
they  are  gas  engine  driven  or  steam  driven  and  if  by  spending 
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a  little  more  money  we  can  make  our  stations  safer  it  is  our  duty 
to  do  so.  But  as  a  matter  of  fact  we  get  greater  safety  in  steam 
engine  stations,  although  they  cost  less  than  gas  engine  stations, 
both  to  install  and  operate. 

Mr.  F.  P.  Peterson  :*  I  may  sa y  with  reference  to  the 
recovery  of  those  condensates  from  natural  gas  which  are 
recognized  as  marketable  gasoline,  that  the  eastern  fields  com¬ 
prising  Pennsylvania,  West  Virginia  and  Ohio,  are  largely 
worked  up.  What  remains  to  be  worked  for  gasoline  in  the  way 
of  productive  gases  is  now  limited.  Farther  West,  in  the  Mid¬ 
continent  fields,  there  is  a  very  large  development  possible. 

Some  remarkable  things  are  going  to  be  developed.  As  an 
instance  of  what  may  be  looked  for  in  the  way  of  spectacular 
results  in  the  western  fields  I  would  mention  a  well  in  the  Cali¬ 
fornia  field  which  is  producing  about  1800  gal.  of  condensate 
daily,  of  which  more  than  1000  gal.  is  being  successfully  mar¬ 
keted  as  gasoline ;  and  there  are  600  000  cu.  ft.  of  gas  escaping 
from  the  well  that  is  not  being  worked  for  gasoline. 

The  development  of  the  recovery  of  these  by-products  in 
the  Mid-continent  and  Western  fields  is  rapidly  advancing.  It 
is  probable  that  before  many  years  the  recovery  and  marketing 
of  the  licpiefied  by-products  will  be  a  factor  in  practically  every 
gas  compressing  station.  The  removal  of  such  liquid  condens¬ 
ates  as  may  be  obtained  in  the  process  of  compression  of  the  gas 
will  be  effected  and,  after  proper  rectification,  will  be  offered 
in  suitable  high  pressure  steel  containers  for  transportation  to 
the  isolated  consumer.  Possibly  a  much  more  important  phase 
of  this  industry  will  ensue  as  we  develope  the  possibility  of  dis¬ 
tributing  the  intermediate  paraffines. 

Mr.  F.  P.  Fisher  :  I  intended  to  pay  my  respects  in  a  gen¬ 
eral  way  to  the  coal  argument  for  the  steam  engine.  There 
are  places  where  it  applies.  Gas  engine  stations  are  built  however 
both  along  the  railroad  and  out  in  the  country,  and  there  are  a 
few  places,  possibly  Scipio.  where  the  changing  over  from  gas  to 
coal  burning  would  save  the  equivalent  in  gas  and  be  a  very 

♦Manager,  Penn  Gasoline  Company,  Grove  City,  Pa. 
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good  investment.  But  for  the  most  part  these  stations  are 
isolated  and  distant  from  the  railroad. 

CORRESPONDENCE 

Prof.  W.  Trinks  :*  The  author  of  the  paper  appears  to  be 
rather  unfortunate  in  the  selection  of  authorities  for  the  relia¬ 
bility  of  the  “steam  engine,  turbine  or  reciprocating".  George 
Westinghouse.  to  whom  this  statement  is  attributed  is  probably 
today  the  bitterest  foe  of  the  reciprocating  steam  engine.  He 
not  only  builds  in  his  shops  the  gas  engine  which  is  unreliable 
according  to  the  author  and  George  Westinghouse,  but  spends 
lots  of  money  developing  a  reliable  oil  engine.  Surely  George 
Westinghouse  would  not  do  this,  if  he  were  convinced  that 
internal-combustion  engines  were  unreliable. 

Referring  to  the  statement  that,  in  a  certain  compressing 
station,  if  the  efficiency  of  the  gas  engine  begins  to  decrease, 
it  is  only  a  question  of  a  day  or  two  when  you  cannot  run  it  at 
all.  I  would  like  to  know  what  type  and  make  of  gas  engine  is 
meant,  then  we  would  know  what  type  of  gas  engine  to  elimi¬ 
nate.  In  this  connection  I  wish  to  mention  a  regrettable  feat¬ 
ure,  namely  the  make  of  that  engine  is  altogether  too  often  de¬ 
cided  by  the  fact  that  a  director  of  the  gas  company  has  an 
interest  in  some  engine  works.  Sometimes  the  gas  company  and 
the  engine  works  are  owned  by  the  same  stockholders.  In  such 
cases  equipment  of  doubtful  engineering  merit  is  installed,  and 
from  the  poor  results  a  whole  class  or  type  of  machinery  is 
condemned. 

The  author  states  that  a  gas  engine  must  necessarily  be 
quick  starting.  I  fail  to  see  the  necessity.  We  have  at  the 
Carnegie  Institute  of  Technology  a  gas  engine  starting  on  com¬ 
pressed  air  as  easily  and  smoothly  as  any  steam  engine  ever 
did.  I  wish  that  the  author  would  enlighten  me  on  this  neces¬ 
sity  of  quick  starting. 

Coming  to  the  record  economy  of  the  31  and  68  by  60  Cor¬ 
liss  engine,  I  feel  the  teachers’  curiosity  aroused  in  me.  Let  us 
by  all  means  have  steam  pressure,  steam  temperature  and 

♦Professor  Mechanical  Engineering,  Carnegie  Institute  of  Technology, 
Pittsburgh. 
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vacuum,  also  boiler  efficiency,  so  that  engineers  may  be  enabled 
to  figure  out  the  Rankine  cycle  efficiency  in  this  case.  If  the 
details  of  the  test  could  be  given  in  an  appendix  to  the  paper, 
a  great  gain  would  be  obtained. 

The  author  states  that  steam  plants  cost  about  one-half 
of  gas  plants.  This  is  news  to  me.  I  most  respectfully  refer 
the  author  to  a  paper  read  at  the  December,  1911,  meeting  of 
the  Am.  Soc.  M.  E.,  which  gives  the  total  cost  of  a  gas  engine 
installation  at  the  Allegheny  plant  of  the  American  Locomotive 
Co.  As  a  matter  of  fact  the  gas  engine  beats  out  the  steam 
engine  in  natural  gas  districts  every  time. 

To  strengthen  his  position  the  author  quotes  the  report  of 
“two  directors  of  a  prominent  firm  of  engine  builders  in  this 
country”.  This  report  states  that  “after  long  deliberation  and 
after  securing  the  opinion  of  unbiased  experts,  the  two  directors 
came  to  the  conclusion  that  the  reciprocating  steam  engine  was 
the  all  around,  most  economical  proposition”.  The  report  re¬ 
minds  me  very  much  of  the  report  which  a  director  of  another 
prominent  engine  building  concern  made  ten  years  ago  about 
the  European  gas  engine.  He  stated  “that  the  large  gas  engine 
would  always  be  a  failure,  because  the  cooling  effect  of  the 
jacket  would  never  be  able  to  penetrate  to  the  center  of  the 
cylinder”.  This  example  shows  how  much  weight  we  can  give 
to  directors’  reports. 

I  would  like  to  ask  the  author  about  grit  in  gas.  I  have 
read  so  much  about  that  grit  and  failed  to  see  it  in  my  resi¬ 
dence.  If  it  were  present,  it  would  cut  the  slide  valves  in  the 
meter  or  would  clog  the  fine  openings  in  the  Welsbach  burners. 
If  the  grit  is  at  the  compressor  and  not  in  the  house,  what  be¬ 
comes  of  it?  Is  it  strained  out  or  not?  If  it  is  strained  out, 
why  is  it  not  done  before  the  gas  enters  the  compressor?  In¬ 
formation  on  this  point  will  be  appreciated. 

The  Author  :  In  reply  to  Professor  Trinks  I  will  say  that 
the  statement  of  Mr.  George  Westinghouse,  the  authenticity  of 
which  he  appears  to  doubt,  wras  published  in  the  Pittsburgh 
Dispatch  of  February  8,  1912,  and  was  part  of  a  letter  to  the 
New  York  Times,  published  over  Mr.  Westinghouse ’s  signature., 
of  February  6,  1912. 
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As  for  the  quotation  regarding  the  efficiency  of  the  giis 
engine,  the  names  of  both  the  author  and  the  builders  of  the 
gas  engine  were  withheld  for'obvious  reasons,  but  l  will  be  glad 
to  give  them  to  Professor  Trinks  or  any  member  who  may  be 
interested. 

My  reference  to  the  disadvantage  of  the  quick  starting  gas 
engine  in  connection  with  rope  drives  was  due  to  the  knowledge 
of  several  cases  where  the  tension  carriage  mechanism  was 
wrecked  in  starting  the  engine.  Most  engineers  understand  that 
the  ordinary  four  cycle  gas  engine  takes  a  quick  jump  when 
the  first  explosion  occurs. 

Professor  Trinks  refers  me  to  a  gas  engine  electric  power 
installation  at  the  Allegheny  plant  of  the  American  Locomotive 
Company.  The  record  of  this  electric  plant,  while  of  general 
interest,  is  of  slight  value  in  determining  the  cost  of  gas  com¬ 
pressing  stations.  But  the  various  facts  brought  out  by  the 
evening’s  discussion,  showing  the  actual  costs  of  some  recent 
compressing  stations,  should  prove  enlightening. 

In  my  paper  the  reference  to  comparative  costs  of  differ¬ 
ent  types  of  compressing  stations  was  a  simple  statement  of  a 
tact  which  I  thought  would  be  of  interest  to  the  members  of  the 
Society.  It  was  based  upon  a  definite  knowledge  of  the  actual 
cost  of  many  compressing  stations  of  various  sizes,  both  steam 
and  gas  engine  driven,  which  are  located  in  Pennsylvania,  West 
Virginia,  Ohio,  Indiana  and  Kansas. 

His  quotation  from  a  directors’  report  of  ten  years  ago  to 
the  effect  “that  large  gas  engines  would  always  be  a  failure” 
is  of  interest  and,  while  the  reason  quoted  is  not  impressive, 
this  early  conclusion,  made  while  the  gas  engine  was  being  de¬ 
veloped,  appears  to  be  borne  out  by  the  present  tendency  toward 
smaller  gas  engine  units. 

The  presence  of  grit  in  natural  gas  is  known  to  all  gas  en¬ 
gineers,  but  for  the  information  of  those  not  familiar  with  the 
subject  I  will  state  that  this  grit  comes  partly  from  the  sand 
lock  in  which  the  gas  is  found  and  partly  from  the  dirt  and 
scale  in  the  pipe  lines.  Because  of  the  high  pressures  usual  in 
gas  compressing  this  grit  cuts  piston-rings,  cylinder-walls, 
valves  and  seats,  and  renders  the  use  of  metallic  stuffing-box 
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packing  almost  prohibitory.  After  passing  the  compressing  sta¬ 
tion  much  of  this  grit  is  blown  out  at  the  drips  along  the  main 
lines,  while  the  grit  that  remains  does  not  have  the  same  effect 
under  the  few  ounces  of  pressure  at  the  meter  as  it  does  under 
the  several  hundred  pounds  pressure  at  the  compressing  stations. 
A  arious  attempts  have  been  made  to  strain  the  gas  before  it 
enters  the  compressors,  by  installing  settling  tanks,  wire  screens 
and  washing  devices,  but  as  a  rule  these  elaborate  and  expensive 
efforts  have  been  rewarded  with  only  partial  success. 


Mr.  Fredrik  Ottesen:*  The  author  has  evidently  had 
great  success  with  his  steam  plants,  so  great  indeed  that  I 
cannot  help  but  feel  a  little  skeptical  about  some  of  the  results 
claimed  to  have  been  obtained,  and  particularly  the  fuel  con¬ 
sumption  of  13.3  cu.  ft.  natural  gas  per  i.  li.  p.  of  a  Corliss  en¬ 
gine.  Let  us  try  to  compute  the  thermal  efficiency  of  this  steam 
plant  from  the  figures  given. 

Assume  the  average  heat  value  of  natural  gas  to  be  950 
effective  B.  t.  u.  per  cu.  ft.  Assume  what  is  considered  a  good 
average  mechanical  efficiency  of  a  compound  Corliss  engine  to 
be  92  percent  and  one  horse  power  =  2545  B.  t.  u.  per  hr.  The 
heat  consumption  at  the  engine  shaft  per  hour  will  be 

13.3  X  950 

- ^2 - =13  750  B.  t.  u.  per  b.  h.  p. 


The  net  thermal  efficiency  of  this  plant  is  therefore 
2545  X  100 

13  750  =18  5  perCent 


I  trust  that  members  of  this  Society  who  have  had  any  ex¬ 
perience  with  steam  power  plants  know  that  such  results  are  not 
obtained  in  average  every  day  operation. 

It  is  a  well  established  fact  that  a  good  average  thermal 
efficiency  of  a  steam  plant  equipped  with  compound  condensing 
Corliss  engine,  is  from  nine  to  twelve  percent,  and  non-condens¬ 
ing  from  four  to  six  percent,  whereas  a  natural  gas  plant  has  a 
thermal  efficiency  of  20  to  24  percent  and  therefore,  on  an 
average,  a  steam  plant  uses  more  than  twice  as  much  fuel  as  a 
gas  plant. 

♦Engineer,  Gas  Engine  Dept.,  Mesta  Machine  Co.,  Pittsburgh. 
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The  gentleman  who  read  the  paper  on  gas  tired  boilers 
stated  that  a  good  average  result  obtained  is  40  cu.  ft.  of  nat¬ 
ural  gas  per  brake  horse  power.  Computing  the  thermal  effi¬ 
ciency  at  the  engine  shaft  as  above  we  get  6.5  percent. 

It  appears  from  the  author’s  statement  that  the  cost  of  fuel 
is  of  no  great  importance  in  a  gas  pumping  station.  It  does 
not  look  exactly  that  way  at  the  other  end  of  the  line  where 
the  consumers  are.  To  us  it  looks  as  though  every  cubic  foot 
of  gas  should  be  very  precious  to  the  gas  company  as  we  have 
to  pay  dearly  for  what  we  are  getting.  It  seems  to  me,  that 
every  cubic  foot  saved  in  the  compressing  stations  can  be  sold 
at  the  points  of  distribution  at  the  market  price,  therefore  the 
fuel  consumption  of  the  prime  movers  becomes  a  very  important 
item,  particularly  when  we  bear  in  mind  that  many  thousand 
horse  power  is  used  for  this  purpose. 

In  speaking  of  the  vast  supplies  of  fuel  stored  away  in  the 

earth,  the  author  said:  “The  existence  of  these  vast  stores  does 

* 

not  justify  the  needlessly  inefficient  use  of  t he  different  fuels  at 
our  disposal".  1  most  heartily  agree  with  him  on  this  point, 
but  I  do  not  agree  with  him  when  he  advocates  pumping  sta¬ 
tions  which  we  all  know  use  from  two  to  four  times  as  much 
fuel  as  they  should.  This  is,  in  my  opinion,  a  wasting  of  the 
natural  resources,  for  which  the  public  at  large  has  to  suffer. 

In  comparing  the  cost  of  installations  of  gas  and  steam 
plants,  it  is  unfair,  to  the  former,  to  use  prices  paid  several 
years  ago.  The  selling  price  of  gas  engines  has  been  materially 
reduced  in  the  last  four  or  five  years,  due  to  simplicity  in  de¬ 
sign  and  keener  competition.  The  cost  of  a  modern  natural  gas 
plant  of  today  will,  therefore,  compare  very  favorably  with  a 
compound,  condensing  steam  engine  plant  of  the  same  capacity. 

Among  the  author’s  objections  to  the  gas  engine  compressor 
is  the  inability  of  this  type  of  prime  mover  to  carry  any  great 
range  of  overload.  This  objection  has  been  very  nicely  over¬ 
come  in  modern  European  high  speed  gas-blowing  engines.  The 
case  of  pumping  air  to  a  blast  furnace  is  somewhat  similar  to 
that  of  pumping  gas  into  a  gas  main.  The  maximum  load  on  the 
engine  occurs  at  the  maximum  line  pressure.  The  type  of  en¬ 
gines  referred  to  are  designed  for  normal  delivery  pressure  cor- 
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responding  to  normal  load  on  the  engine.  If  for  some  reason 
the  line  pressure  should  rise  considerably  above  the  normal,  an 
additional  or  artificial  clearance  is  established  in  the  com¬ 
pressor  cylinder,  with  the  result  that  the  mean  effective  pres¬ 
sure  per  scpiare  inch  of  piston  area  remains  constant  while  the 
delivery  pressure  might  have  increased  to  50  to  100  percent. 
As  long  as  the  mean  effective  pressure  in  the  compressor  cylin¬ 
der  remains  constant,  the  load  on  the  gas  engine  remains  con¬ 
stant  regardless  of  delivery  pressure.  We  can  prove  this  by 
designing  a  variety  of  air  cards,  all  with  constant  mean  effective 
pressure,  but  with  variable  volumetric  clearances  according  to 
change  in  delivery  pressure. 

With  increase  in  volumetric  clearance  it  becomes  necessary 
of  course  to  increase  the  speed  of  the  engine,  if  maximum  de¬ 
livery  is  to  be  maintained.  In  modern  blowing  engines  such 
artificial  clearance  is  obtained  by  placing  small  receivers  directly 

under  the  compressor  cylinder,  or  in  some  instances  this  extra 

■ 

clearance  chamber  is  provided  right  in  the  cylinder  head.  These 
clearance  spaces  are  made  to  communicate  with  the  cylinder  by 
means  of  a  valve,  either  hand  operated,  or  automatic.  This 
method  is  theoretically  correct  and  offers  no  great  difficulty,  or 
expense,  in  its  application.  It  allows  the  gas  engine  to  run 
with  maximum  efficiency  from  the  normal  to  the  highest  de¬ 
livery  pressure.  It  also  makes  it  possible  to  use  a  smaller  engine 
for  a  certain  size  compressor  than  with  the  old  method. 

Objections  have  been  raised  to  a  higher  rotative  speed  of 
the  prime  mover  when  direct  connected  to  a  compressor  on 
account  of  the  detrimental  trip  hammer  effect  on  the  valves. 
This  is  true  if  the  compressor  is  equipped  with  old,  clumsy,, 
poppet  valves  designed  15  to  20  years  ago.  In  modern  European 
high  speed,  high  pressure  air  compressors,  the  old  style  poppet 
valve  has  been  abandoned  and  replaced  by  light  plate  valves 
having  a  very  small  lift. 

I  know  of  several  air  compressors  in  this  country  success¬ 
fully  operating  at  90  r.  p.  m.  against  a  discharge  pressure  of 
1000  lb.  per  sq.  in.,  all  equipped  with  such  valves.  While  the 
difficulties  connected  with  compressing  natural  gas  is  somewhat 
different  than  those  encountered  in  compressing  air,  on  account 
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of  the  gas  carrying  with  it  a  variety  of  impurities,  yet  the  law 
for  operating  automatic  valves  at  higher  speeds  remains  the 
same,  namely,  minimum  weight  with  small  lifts. 

In  the  four-cycle,  double  acting  tandem  gas  engine,  having 
one  impulse  for  every  stroke,  the  same  as  in  the  steam  engine, 
the  valve  gear  operates  with  half  the  speed  of  the  crank ; 
whereas,  in  a  steam  engine  the  valve  gear  operates  twice  as  fast, 
or  with  the  same  speed  as  the  crank.  This  makes  the  gas  engine 
better  adapted  for  high  speed  than  the  steam  engine. 

It  has  been  stated  that  the  gas  engine  is  not  reliable  enough 
lor  gas  compressing  plants.  I  fail  to  see  the  correctness  of  this 
statement,  and  reports  from  many  modern  gas  engine  installa¬ 
tions  in  this  country  of  long  continuous  runs  without  shut¬ 
down,  apparently  bear  out  on  this  point. 

I  thoroughly  realize  what  has  been  brought  out  regarding 
dangers  connected  with  a  plant  of  this  kind,  but  I  fail  to  see 
that  it  is  safer  to  burn  gas  in  open  fires  in  a  boiler  house  than 
to  burn  it  in  a  closed  cylinder  of  ample  strength  and  properly 
designed  for  this  purpose. 

Whenever  an  accident  occurs,  it  is,  as  a  rule,  caused  by 
neglect  in  some  particular,  regardless  of  type  of  plant.  The 
old  rule,  “Do  not  let  any  little  detail  slip  away  from  you”, 
should  strongly  be  imprinted  in  the  hearts  and  minds  of  the 
operating  engineers  as  well  as  the  supervising  engineer  and  all 
concerned  in  the  installation,  then  successful  operation  is  bound 
to  follow. 

If  we  are  true  to  our  ideals  of  “promoting  progress”,  and 
are  earnest  in  our  desire  to  preserve  the  natural  resources  of 
this  country,  we  must  strive  to  live  up  to  it  in  our  deeds.  If 
we  know  of  roads  leading  to  this  goal,  it  is  our  duty  to  follow 
them,  and  if  we  know  of  methods  insuring  such  result,  why  not 
adopt  them? 

The  Author:  Mr.  Ottesen  evidently  fails  to  appreciate 
the  difference  in  the  value  of  gas  in  the  field  as  compared  with 
gas  after  it  has  been  transported  one  or  two  hundred  miles 
through  long  and  costly  pipe  lines  and  expensive  distribution 
systems.  His  idea  that  every  foot  of  gas  not  used  in  the  com¬ 
pressing  stations  can  be  sold  by  gas  companies  at  the  points  of 
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distribution,  shows  that  he  is  not  familiar  with  conditions  in  the 
gas  fields  where  the  carbon  factories,  zinc  smelters,  glass  fac¬ 
tories,  brick  yards  and  other  industries  are  drawing  their  sup¬ 
plies  of  gas  from  practically  the  same  pools  as  are  the  gas  com¬ 
panies. 

He  also  mentions  the  danger  of  burning  gas  in  open  fires 
m  the  boiler  house,  apparently  not  knowing  that  most  gas  engine 
compressing  plants  use  boilers  for  heating  purposes ;  but  as  boil¬ 
er  houses  are  usually  located  about  100  ft.  from  compressor 
houses  the  danger  is  slight.  Burning  natural  gas  in  the  power 
cylinders  of  engines  located  in  a  compressor-house  is  also  not 
without  its  elements  of  danger.  The  stuffing  boxes  may  leak  or 
the  opening  of  an  indicator  cock  may  permit  a  stream  of  flame  to 
shoot  out  into  the  compressor-house.  In  fact,  the  superintendent 
of  one  of  the  large  companies  in  West  Virginia,  recognizing  this 
danger,  has  posted  notices  forbidding  his  employees  opening 
these  cocks 

Referring  to  compressor  valves,  there  is  a  vast  difference 
between  compressing  air  in  small  quantities  and  high  pressures, 
and  in  compressing  natural  gas  in  the  enormous  quantities 
handled  by  the  large  gas  companies.  The  author  is  quite  famil¬ 
iar  with  the  various  types  of  valves  used  in  compressing,  having 
dealt  for  twenty-five  years  with  the  compressing  of  air  and  gas 
under  pressures  from  one  to  four  thousand  pounds,  and  ex¬ 
perience  has  show'n  that  the  poppet  valve  nowr  in  use  in  our  best 
compressors,  is  the  most  feasible  and  satisfactory  type  of  valve 
for  gas  compressing  work.  In  modern  European  practice,  with 
which  Mr.  Ottesen  appears  to  be  familiar,  the  poppet  valve  has 
come  to  be  considered  the  highest  and  most  satisfactory  type 
known.  He  speaks  of  old,  clumsy  poppet  valves,  but  there  is 
no  reason  wdiy  they  should  be  clumsy  if  properly  designed  by  a 
competent  engineer.  The  flat  disc  valves  he  refers  to,  and  which 
are  knowm  to  do  well  on  small  air  compressor  work,  have  been 
tried  on  natural  gas  compressing  at  a  station  in  Pennsylvania, 
and  they  proved  unequal  to  the  service  required. 

The  ingenious  arrangement,  described  by  Mr.  Ottesen,  for 
relieving  an  overloaded  blowing  engine,  operating  at  it  does 
against  a  very  lovr  air  pressure,  is  manifestly  unsuited  for  high 
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pressure  gas  compressing.  Gas  companies  in  West  Virginia, 
when  they  lind  the  gas  engines  unable  to  carry  the  load,  simply 
bush  down  the  compressor  cylinders  and  reduce  their  capacity. 


[A  partial  bibliography  of  recent  literature  on  Compressing  Natural 
Gas  is  appended  and  it  is  desired  to  acknowledge  the  assistance  of  the 
Technology  Department  of  the  Carnegie  Library  of  Pittsburgh  in  its  prepara¬ 
tion. — Editor.] 
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FAILURES  OF  REINFORCED  CON¬ 
CRETE  STRUCTURES 


By  Edward  Godfrey* 


A  building  stood  up.  Thorp  ran  bo  no  doubt  of  the  fact 
that  the  building  stood  up.  The  records  clearly  show  that  this 
building  stood  up.  Unnumbered  eye-witnesses  can  testify  to 
that  fact.  Another  building  stood  up,  and  another,  and  another, 
eight  or  ten  of  them  stood  for  days,  no  for  weeks,  and  thou 
they  fell. 

Now  when  a  building  stands  up,  a  seemingly  irrefutable 
argument  is  clinched.  This  argument  says  that  the  building 
is  safe.  The  lay  mind  accepts  it  without  rjuestion.  Many  en¬ 
gineers  accept  it  and  stake  their  all  upon  it. 

An  engineer  examined  the  roof  of  a  structure  and  con¬ 
demned  it  as  unsafe. t  Now  it  was  true  that  this  same  structure 
has  been  in  existence  for  35  years  and  had  faithfully  carried  its 
load  all  these  years  and  had  borne  the  vicissitudes  and  muta¬ 
tions  of  time.  And  they  laughed  the  engineer  to  scorn.  More 
years  went  by  and  still  the  structure  stood  firm ;  until  seven 
years  had  passed,  and  then  it  collapsed.  For  42  years  these 
roof  trusses  defied  engineering  science.  The  wonder  is  not  that 
they  fell.  The  wonder  is  that  they  stood  up.  They  would  have 
been  doing  the  natural,  the  expected  thing  if  they  had  promptly 
fallen  down  when  they  received  their  first  snow  load. 

One  hundred  or  one  thousand  roofs  built  exactly  like  this 
one  would  have  had  just  the  same  chance  to  stand  up  that  this 
one  had.  The  most  invidious  argument  ever  put  forth  to  back 
the  claim  that  a  structure  is  safe  is  the  bald  statement  that  it 
stands  up,  or  that  another  structure  just  like  it  stands  up,  or 
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that  a  hundred  or  a  thousand  have  been  built  along  the  same 
lines  and  most  of  them  are  standing  up.  These  statements  have 
exactly  the  same  bearing  on  the  safety  of  a  structure  that  a 
manufacturer's  guarantee  to  replace  any  broken  parts  of  an 
automobile  has  on  the  safety  of  automobile  travel.  Of  what 
comfort  is  it  for  a  man  who  has  been  maimed  in  an  automobile 
wreck,  or  has  been  deprived  of  dear  ones,  to  be  reminded1  that 
the  manufacturer  will  replace  the  weak  axle  that  broke. 

The  purpose  of  this  paper  is  to  get  at  the  facts  and  the 
lessons  of  wrecks.  Engineers  have  lessons  to  learn  and  no 
doubt  they  always  will.  One  of  the  most  fruitful  fields  from 
which  to  draw  these  lessons  is  failures.  Unfortunately,  how¬ 
ever,  when  a  wreck  takes  place,  strenuous  efforts  are  made  to 
obscure  the  salient  facts,  the  great  lessons.  Trivial  circum¬ 
stances  are  expanded  to  the  first  magnitude  and  the  simple 
facts  are  eclipsed.  Searchers  rake  the  ruins  for  some  trifling 
defect  in  the  material  or  workmanship,  and  great  violations  of 
engineering  principles  are  obscured. 

When  the  Quebec  Bridge  failed,  I  promptly  published  a 
letter  calling  attention  to  the  one  big  error  made  in  its  erection 
(an  unbraced  traveler),  an  error  which  I  had  observed  fourteen 
months  before  the  wreck.  The  wise  Commission  who  got  up 
eight  pounds  of  reading  matter  on  the  subject,  absolutely  ignor¬ 
ed  this  one  great  blunder  that  caused  the  wreck.  Watch  the  re- 
erection  of  this  bridge  and  see  if  the  traveler  will  be  lacking 
in  bracing. 

It  is  not  my  intention  to  belittle  the  importance  of  first 
class  workmanship  nor  to  hide  the  fact  that  the  best  of  ma¬ 
terials  and  proper  treatment  of  them  is  absolutely  essential  in 
order  that  safety  be  assured.  But  it  is  my  purpose  to  lay  em¬ 
phasis  on  the  fact  that  unless  a  design  is  correct  and  shows  an 
adequate  factor  of  safety,  those  to  whom  its  execution  is  en¬ 
trusted  should  not  be  held  blame  worthy  if  failure  results.  We 
are  engineers  and  not  contractors;  it  behooves  us  to  leave  off 
consideration  of  the  mote  that  is  in  the  contractor's  eye  so  long 
as  there  exists  a  beam,  or  a  slab.or  a  column  in  our  own  eye. 

To  this  end  a  searching  investigation  should  be  made,  first 
of  the  design  to  see  if  in  the  light  of  tests  and  reason  it  is 
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sufficient.  Scarcely  any  design  is  really  original.  It  is  best 
that  this  is  so,  that  designers  have  standards  to  which  they  can 
refer  and  which  they  can  adapt  to  the  particular  structure  in 
hand.  But  it  must  not  he  forgotten  that  standards  are  some¬ 
times  woefully  in  error,  even  standards  that  have  the  sanction 
of  the  highest  authorities  and  of  long  usage.  Witness  the 
common  standard  of  designing  a  dam,  ignoring  absolutely  up¬ 
ward  pressure  on  its  base.  This  is  totally  wrong  and  is  being 
discarded. 

If  we  could  personify  reinforced  concrete  designers  in  gen¬ 
eral  and  authors  of  books  on  the  subject  in  general,  we  could  say 
that  this  personification  is  the  real  designer  of  standard  rein¬ 
forced  concrete  construction.  Insofar,  as  a  structure  is  shown 
to  be  standard,  this  engineering  John  Doe  is  its  designer.  So 
for  the  purpose  of  this  paper,  please  consider  that  wherever 
designs  or  the  designers  are  criticised,  it  is  this  John  Doe  and 
his  work  that  are  referred  to.  For  years  I  have  been  pursuing 
this  impersonal  engineering  John  Doe  and  showing  up  some  of 
liis  faulty  work. 

A  few  words  as  to  this  personality  in  engineering  or  other 
professions.  At  first  blush  it  would  seem  that  a  designer  has 
done  his  duty  when  he  follows  standards  laid  down  by  the 
majority  of  his  profession  and  that  investigators  have  done  their 
duty  when  they  discover  that  a  design  is  made  in  accordance 
with  those  standards.  If  this  view  were  adhered  to.  progress 
would  be  impossible.  A  college  professor  recently  put  forth  the 
proposition  that  the  opinion  of  the  large  majority  of  men  is  the 
truth.  If  this  is  true,  there  was  a  time  when  the  earth  was  flat, 
for  the  astronomic  John  Doe  affirmed  it :  there  was  a  time  when 
Mood  did  not  circulate  in  the  human  body,  for  the  medical 
John  Doe  would  have  sworn  to  it :  there  was  a  time  when  diseases 
and  germs  had  nothing  in  common,  for  the  medical  John  Doe 
would  have  sworn  to  that  also,  to  a  man.  They  persecuted 
Pasteur  for  advancing  the  germ  theory. 

It  is  my  purpose  to  make  an  examination  of  the  main  feat¬ 
ures  of  the  design  of  some  structures  that  have  failed  and  to 
measure  their  sufficiency  not  by  the  majority  opinion  of  the 
engineering  profession  but  by  engineering  principles,  as  demon- 
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strated  and  demonstrable  from  the  data  of  tests  and  from 
reason.  Engineering  opinion  and  designer's  good  intentions 
never  yet  sustained  a  weak  structure.  In  cirticising  faulty 
features  of  design,  I  dc  not  mean  to  confine  myself  to  those 
where  specific  examples  of  failure  may  be  cited.  It  is  well  to 
anticipate  in  a  branch  of  construction  where  design  runs  riot, 
as  it  has  so  often  done  in  reinforced  concrete. 


Fig  I 

Fig.  1.  Section  of  Interior  Floor  Slab  in  Building  which  Failed. 


Figure  1  shows  a  section  of  the  floor  slab  used  in  a  build¬ 
ing  which  collapsed.  It  is  evident  that  the  designer  intended 
either  that  this  slab  should  act  as  an  arch  or  partially  as  a 
cantilever.  Let  us  consider  what  would  happen  if  this  con¬ 
struction  were  to  act  as  an  arch.  What  abutment  has  the  arch? 
The  only  answer  can  be  the  next  arch.  But  what  forces  that 
arch  against  its  neighbor?  Surely  not  the  columns.  But  in  the 
final  analysis,  it  is  the  columns  that  must  supply  the  thrust  if 
all  of  the  arches  are  loaded.  It  is  a  common  but  exceedingly 
erroneous  method  of  design  to  make  arches  with  no  tie  rods, 
depending  virtually  on  the  columns  and  walls  to  offer  the  thrust. 
Segmental  arches  without  tie  rods  are  faulty  in  the  extreme, 
and  vet  we  find  them  held  out  in  books  by  the  highest  authorities 
as  examples  to  follow. 

It  is  not  uncommon  to  find  designs  of  arches  with  little  or 
no  abutment.  High  abutments  with  earth  fill  furnish  an  ex¬ 
ample.  If  we  consult  engineering  opinion  and  practice,  we  can 
find  sanction  for  arches  without  abutments;  if  we  consult  en¬ 
gineering  principles,  we  find  there  is  none. 

•The  arch  theory  for  this  floor  must,  therefore,  be  aban- 
doned,  for  it  could  only  be  of  help  when  a  small  portion  of  the 
floor  is  considered,  with  the  surrounding  portions  of  the  floor 
idle  insofar  as  supporting  their  own  live  load  is  concerned, 
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standing  by  as  it  were,  to  offer  help  in  case  a  brother  arch  is 
loaded.  A  steamboat  that  lias  to  stop  the  engines  to  blow  the 
whistle  can  scarcely  be  considered  an  example  of  good  en¬ 
gineering. 

The  cantilever  theory  demands  for  a  good  showing,  in  some 
respects,  just  the  opposite  of  the  arch  theory.  Here  a  balanced 
load  over  a  beam  is  needed  in  order  to  make  the  cantilevers  oper¬ 
ative.  But  the  cantilever  action  has  this  advantage,  that  it 
would  not  push  the  columns  apart. 

It  is  clear  that  in  an  indefinite  succession  of  these  cantilever 
slabs,  all  fully  loaded,  the  action  would  be  ideal.  It  is  also 
(dear,  from  the  details  of  the  slab,  that  the  cantilever  bracket 
should  end  where  the  four  inch  portion  of  the  slab  begins.  This 
defines  the  points  of  inflection  and  the  effective  span  of  tin* 
slab  as  a  simple  beam.  Taking  this  span  of  10.5  ft.  and  a  slab 
four  inches  in  depth,  the  total  moment  per  foot  width  of  slab, 
using  50  lb.  per  sq.  ft.  for  dead  load  and  100  lb.  per  sq.  ft.  for 
live  load,  is  24  800  inch-pounds.  If  the  effective  depth  of  this 
slab  is  taken  as  0.75  of  the  outside  depth,  or  three  inches,  there 
is  found  to  be  a  stress  in  the  steel  of  8  200  lb.  per  foot  width 
of  slab.  On  %  in.  rib  bars  spaced  4T4  in.  center  to  center,  this 
is  20  700  lb.  per  sq.  in.  This  stress  is  high,  though  100  lb.  per 
sq.  ft.  is  a  moderate  superimposed  load,  and  it  is  the  most  favor 
able  light  in  which  the  slab  can  be  considered. 

To  return  to  a  discussion  of  the  cantilever  slab,  let  us 
consider  what  would  happen  if  an  interior  bay  were  loaded  and 
the  adjacent  bays  were  unloaded. 

If  the  span  C  F  were  loaded  and  the  side  spans  were  un¬ 
loaded,  since  there  is  no  live  load  on  tin*  side  spans  to  balance 
the  excess  load,  this  span  would  be  a  simple  beam  for  a  live 
load;  for  if  we  consider  the  dead  load  to  the  left  of  .1  as  bal¬ 
ancing  load  for  live  load  in  span  V  V  it  means  reversal  of  the 
moment  at  A ,  or  in  other  words  tension  on  the  concrete  on  the 
upper  side  of  the  slab  at  A,  which  is  not  allowable  in  good  con¬ 
struction.  A  live  load  of  100  lb.  per  sq.  ft.  on  span  ('  F  as  a 
simple  beam  (taking  the  span  as  10  ft.)  would  give  alone  a 
stress  in  the  steel  of  45  400  lb.  per  sq.  in. 

A  feature  of  this  slab  system  that  deserves  particular 
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notice  is  the  scheme  for  an  outside  bay,  shown  in  Fig.  2.  The 
wall  girder  has  a  bracket  just  like  the  interior  girder  but  on  one 
side  only,  with  nothing  to  balance  it.  It  is  seen  that  there  are 
extra  anchors  within  this  bracket,  but  they  are  self  contained, 
a  sort  of  lifting-by-the-boot-strap  idea.  These  anchors  do  not 
go  outside  of  the  girder,  which  is,  in  effect,  the  bracket  itself. 
There  is  nothing  to  prevent  the  rotation  of  the  girder  except 
torsion  at  the  ends  of  that  girder,  which,  if  figured,  would  show 
enormous  shearing  strains. 


Fig.  2.  Section  of  Floor  Slab  Adjacent  to  Wall  in  Building,  which 

Failed. 

This  outer  bay  has  a  stretch  of  15  ft.  as  a  simple  span. 
Figuring  this  for  dead  load  and  a  live  load  of  100  lb.  per  sq. 
ft.,  the  stress  on  the  steel  in  the  four  inch  slab  is  44  000  lb.  per 
sq.  in.  and  this  does  not  tell  all  the  story,  for  one-half  of  the 
rods  are  bent  up  from  the  bottom  of  the  slab  three  feet  from  the 
middle  of  this  15  ft.  span.  To  sum  up,  it  is  a  marvel  that  the 
third  floor  of  this  building  stood  up  until  the  wreck  occurred 
and  carried  its  own  load  and  the  heavy  burden  of  the  roof  slab, 
which  was  incapable  of  self  support. 

What  do  engineering  standards  say  on  the  subject  of  un¬ 
balanced  cantilevers?  Look  up  books  and  Committee  reports.. 
See  how  they  scale  down  the  bending  moments  on  so-called 
continuous  beams.  Beams  and  slabs  resting  with  their  free  ends 
on  a  wall  are  considered  partially  fixed  ended.  There  is  little 
theory  or  reason  abou  it.  It  is  simply  based  on  the  opinion  of 
some  interested  proprietor  of  a  system.  Authors  very  genearllv 
absorb  this  stuff  greedily  to  fill  up  their  books. 

Examine  the  books  and  large  portions  of  books  that  are 
written  on  the  reinforced  concrete  elastic  arch.  Their  arches 
must  be  fixed  ended  or  else  all  their  fine  theory  would  appear 
foolish,  for  the  same  results  would  be  found  by  the  simplest 
kind  of  a  formula.  A  fixed  ended  concrete  arch  means  a  canti- 
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lever  at  each  end  of  the  arch  with  an  enormous  bending  moment. 
Search  if  you  will  and  see  if  you  can  find  any  hint  as  to  how 
this  great  bending  moment  is  taken  care  of  in  the  support  or 
foundation  of  the  arch. 

Look  at  the  so-called  flat  slab  theories.  What  are  they 
based  on?  A  uniform  load  over  the  entire  slab,  all  loads  bal¬ 
anced  over  the  columns,  the  columns  idle,  so  far  as  bending  is 
concerned.  How  are  the  exhibition  tests  made  that  purport  to 
show  the  strength  of  these  slabs?  By  loading  one  or  more  in¬ 
terior  panels,  with  the  surrounding  panels  idle.  These  sur¬ 
rounding  panels  have  practically  unlimited  capacity  for  pulling 
horizontally  on  the  burden  of  the  loaded  panel  and  are  in  the 
condition  of  the  circus  hands  or  firemen,  who  surround  a  safety 
net.  A  sheet  would  support  a  large  load  under  these  conditions. 
In  some  recent  tests  on  rubber  models  it  was  found  that  when 
the  rubber  plate  was  relatively  thin,  as  all  reinforced  concrete 
slabs  are,  this  circus  net  effect  showed  up  very  quickly,  as  de¬ 
flections  were  not  proportional  to  loading. 

There  is  no  doubt  that  the  dishing  of  an  interior  panel 
under  load  greatly  aids  in  the  support  of  the  load,  but  what 
about  the  case  where  a  row  of  panels  entirely  across  a  building 
is  loaded  and  the  tendency  is  to  take  a  cylindrical  instead  of  a 
dished  shape,  when  the  adjacent  slabs  cannot  pull  because  there 
is  nothing  to  push  against  except  the  loaded  slab?  The  flat 
slab  is  then  in  simple  bending  with  nothing  else  to  cling  to,  not 
even  Poisson’s  ratio.  Figured  for  this  condition,  flat  slabs 
designed  by  the  methods  in  vogue  are  deficient. 

I  have  repeatedly  publicly  challenged  the  correctness  of 
these  theories,  but  the  authors  sit  tight  and  wrecks  of  arches 
and  slabs  continue. 

In  the  floor  girders  of  the  building  previously  referred  to, 
for  their  own  dead  load,  the  shear  is  53  lb.  per  sq.  in.  A  safe 
shear  for  total  dead  and  live  load  would  be  40  lb.  per  sq.  in. 
The  roof  girder  would  have  had  a  dead  load  shear  of  about  110 
lb.  per  sq.  in.  The  third  floor  with  its  burden  of  roof,  concrete  and 
cinder  fill,  would  have  a  shear  of  about  160  lb.  per  sq.  in.  on 
the  concrete. 

But  it  may  be  claimed  that  there  is  also  some  steel  here. 
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There  are  some  short  ends  of  rods,  chiefly  horizontal,  and  there¬ 
fore,  capable  of  taking  but  little  shear.  Their  lack  of  grip 
makes  them  incapable  of  taking  a  hold  on  the  concrete  so  as  to 
bind  it  together  at  the  section  of  heavy  shear  thus  increasing  its 
shearing  strength. 

What  does  the  authoritative  John  Doe  say  to  high  units 
in  shear  and  to  shear  in  steel  embedded  in  concrete?  Tests  are 
widety  quoted  that  show  high  shearing  units  on  concrete.  The 
sheared  specimens  were  punched.  They  were  bound  about  with 
bands  and  bars  and  securely  confined  as  if  to  make  them  as 
unlike  anything  in  a  structure  as  possible.  High  values,  of 
course,  were  found,  and  these  values  are  pointed  to  whenever  a 
piece  of  construction  is  criticised  for  having  high  shearing 
strains.  Committee  reports  tell  just  how  to  space  shear  bars, 
for  a  given  vertical  shear.  They  do  not  say  whether  these  shear 
bars  are  in  shear  or  tension,  and  I  have  failed  in  repeated  efforts 
to  have  anyone  show  how  these  shear  bars  can  take  either  shear 
or  tension.  Absorb  all  the  literature  on  the  subject  and  be¬ 
lieve  it,  and  you  will  take  a  dowel  pin  an  inch  square  by  a  few 
inches  long  and  embed  it  an  inch  or  so  into  a  column  and 
fondly  believe  that  it  will  carry  an  ultimate  load  of  40  000  to 
50  000  1b.  , 

A  common  and  authoritative  way  to  make  up  deficiency  in 
a  beam  or  slab  for  shear,  is  to  introduce  a  little  triangle  or 
fillet  of  plain  concrete.  And  this  little  fillet  is  supposed  to  take 
a  large  portion  of  the  reaction.  Imagine  a  plate  girder  de¬ 
signed  along  these  lines,  where  a  web  plate,  incapable  of  taking 
the  shear,  is  helped  out  by  a  trinagular  bracket  under  the 
girder.  Why  cannot  reinforced  concrete  be  placed  on  the  same 
sound  basis  as  steel  design?  Sometimes  these  fillets  of  plain 
concrete,  upon  which  so  much  depends,  are  plastered  on  after 
the  forms  are  removed.  In  a  standard  book,  which  I  reviewed 
and  criticised,  the  author  gives  plain  concrete  fillets  as  an  ap¬ 
proved  method  of  taking  care  of  shear,  the  fillet  being  effective 
out  to  its  feather  edge. 

The  columns  of  a  building  come  next  in  an  investigation 
of  the  design.  The  columns  of  many  buildings  are  shafts  of 
concrete  with  slender  rods  embedded  in  them.  Such  combina- 
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tions  of  steel  rods  and  concrete  are  not  reinforced  concrete  be¬ 
cause  the  steel  does  not  reinforce  t lie  concrete,  it  does  not  add 
to  the  ability  of  the  concrete  shaft  to  resist  compression.  The 
slender  steel  rods  are  supposed  to  add  their  quota  to  the  total 
compressive  strength  and  they  are,  of  neccessity,  supported  in 
this  office  bv  the  concrete.  This  is  the  most  absurd  combina- 

9/ 

tion  imaginable,  and  yet  grave  minded  investigators  make  tests 
of  such  columns  and  write  reports  upon  them;  and  time  after 
time  the  plain  concrete  shaft  shows  up  stronger  than  the  one 
with  the  slender  rods  in  it.  These  same  investigators  and  the 
general  run  of  authors,  in  spite  of  this  undeniable  fact,  soberly 
recommend  the  addition  of  15  to  25  percent  to  the  strength  of 
a  plain  concrete  shaft  for  every  one  percent  of  slender  rods 
added. 

All  of  the  great  reinforced  concrete  wrecks  of  buildings 
have  had  this  style  of  so-called  reinforced  concrete  columns,  and 
it  is  absolutely  true  and  undeniable  that  none  of  them  could 
have  failed  as  they  did,  if  they  had  tough  steel  or  properly 
hooped  reinforced  concrete  columns  in  them. 

The  writer  has  repeatedly  condemned  this  style  of  column 
for  the  last  five  or  six  years,  pointing  out  in  published  letters 
and  articles  and  in  his  book  “ Concrete ”  the  weakness  and 
utter  unreliability  of  such  columns.  The  only  defense  that  these 
criticisms  have  brought  out  is  hysterical  reference  to  a  lot  of 
nursery  tests  of  hooped  and  rodded  columns,  which,  when  blindly 
averaged  together,  appear  to  show  that  the  addition  of  steel 
increases  the  strength  of  a  concrete  column.  In  spite  of  the  fact 
that  individual  tests  in  these  groups  show  25  and  50  percent 
greater  strength  in  plain  concrete  than  in  the  rodded  columns, 
these  blind  engineering  guides  would  have  unreasoning  design¬ 
ers  believe  that  the  rodded  columns  are  reinforced  bv  this  weak 

9/ 

ening  steel. 

The  reason  why  a  column  with  upright  slender  rods  em¬ 
bedded  in  it  is  weak  is  this.  When  the  concrete  is  poured  and 
sets,  it  shrinks.  The  steel  rods  are  then  longer  than  the  concrete, 
or  else  are  subject  to  an  initial  compression.  When  the  girder 
load  comes  on  the  column,  the  tendency  is  to  shorten  it.  This 
puts  additional  load  first  on  the  steel  rods.  A  slender  rod  in 
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compression  will,  of  course,  tend  to  buckle.  These  rods  have 
,cnly  a  little  concrete  over  them  to  prevent  them  from  buckling. 
Concrete  is  no  material  to  tie  steel  and  hold  it  rigidly  in  line, 
and  naturally  the  concrete  readily  spalls  off,  allowing  the  steel 
rods  to  buckle.  This  is  doubly  weakening  to  the  column,  for  it 
cripples  the  steel  and  diminishes  the  concrete  area  in  com¬ 
pression. 

The  foregoing  explanation  is  so  simple  that  any  person 
can  understand  it,  and  yet  engineering  authors  stuff  their  books 
with  foolish  and  highly  theoretical  trash  purporting  to  show  just 


Fig.  3.  Pnotograph  of  Wrecked  Building  and  Seasoned  Column  which 
Failed.  Point  of  failure  indicated  by  circle. 
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how  the  compression  on  a  rodded  column  is  divided  between  the 
concrete  and  the  steel.  They  recommend  large  increase  in  the 
calculated  strength  of  a  concrete  column  when  a  little  weaken¬ 
ing  steel  is  added. 

These  same  authorities,  when  their  formulas  in  reinforced 
concrete  are  assailed  sit  back  and  say  nothing.  They  have  no 
responsibility.  Engineering  designers  can  go  ahead  designing 
structures  that  fall  down  and  bear  the  brunt  of  the  wrecks.  It 
can  not  hurt  the  authors;  their  books  are  sold  just  the  same. 
One  author  stated  publicly  that  he  considered  it  a  rare  bit  of 
humor  that  he  could  revise  his  book,  that  the  writer  had  shown 
to  have  dangerous  errors  in,  and  absolutely  ignore  every  criti¬ 
cism  made  by  the  writer.  He  made  no  attempt  whatever  to  de¬ 
fend  his  errors.  The  files  of  the  Engineering  News  for  this  year 
will  disclose  what  is  referred  to. 

When  large  steel  buildings  were  first  constructed,  engineers 
were  solicitous  about  the  effect  of  expansion  and  contraction, 
and  trusses  were  made  with  roller  and  sliding  bearings  on  tops 
of  columns.  The  designers  failed  to  appreciate  the  fact  that 
there  would  be  nothing,  in  many  cases,  to  hold  the  column  while 
the  truss  would  roll  or  slide  on  it.  It  soon  became  apparent 
that  these  expansion  joints  were  unnecessary,  even  in  long  steel 
frame  buildings,  for  the  toughness  of  steel  columns  will  allow 
8  horizontal  movement  of  an  inch  or  more  at  the  top  of  the 
column  without  impairing  its  safety.  But  the  case  of  a  mono- 
litic  concrete  building  of  large  extent  is  entirely  different.  Labo¬ 
ratory  tests  of  concrete  columns  in  simple  compression,  with 
the  load  exactly  centered,  tell  nothing  at  all  about  what  a  col¬ 
umn  will  do,  which  is  monolitic  with  the  girders,  when  the  top 
of  that  column  is  moved  an  inch  or  more  horizontally. 

A  column  material  for  good  efficiency  must  be  strong  in 
tension  or  toughness.  This  is  a  fact  not  generally  emphasized. 
Cast  iron  was  formerly  thought  to  be  an  ideal  material  for 
columns  but  tests  and  experience  have  proven  it  to  be  other¬ 
wise.  Cast  iron,  with  nearly  double  the  compressive  strength 
of  mild  steel,  is  only  given  about  one-half  the  value  in  column 
formulas.  Why?  Because  its  tensile  strength  is  only  one- 
third  as  great  as  that  of  steel. 
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Compare  cast  iron  column  formulas  with  concrete  column 
formulas  and  these  with  the  relative  strengths  of  the  two  ma¬ 
terials.  Cast  iron  has  100  000  lb.  or  more  of  compressive  stren¬ 
gth  in  short  blocks.  About  7.6  to  10  percent  of  this  is  used  in 
the  formula.  Concrete  has  about  2  000  lb.  per  sq.  in.  of  com¬ 
pressive  strength  in  short  blocks.  About  600  to  750  lb.  or  more 
per  sq.  in.  is  used  in  column  formulas.  Thirty  to  forty  percent 
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Fig.  4.  Sketch  Showing  Manner  of  Failure  of  Column  and  Girders. 

of  the  ultimate  strength.  Eelatively  four  times  as  much  con¬ 
fidence  placed  in  concrete  as  in  cast  iron.  Think  of  it !  A  ma¬ 
terial  made  on  the  ground.  Sometimes  containing  large  quanti¬ 
ties  of  dirt.  Made  by  common  laborers.  And  this  material  re¬ 
ceives  four  times  the  confidence  that  cast  iron  receives,  cast  iron 
that  is  made  by  skilled  men  under  well  regulated  conditions. 
And  this  is  not  all  of  the  story.  Cast  iron  is  50  to  100  times  as 
strong  as  concrete  in  tension,  though  given  onfy  about  twelve 
times  the  strength  in  the  column  formula. 
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There  are  two  other  phases  to  the  weakness  of  a  concrete 
column  in  a  building.  Concrete  is  so  weak  in  tension  that  there 
is  little  resistance  to  the  tendency  to  bulge,  which  exists  in  all 
loaded  columns.  Upright  slender  rods  will  not  prevent  this, 
even  if  they  are  wired  together  at  intervals  of  a  foot  or  so,  for 
they  must  depend  for  their  own  stiffness  on  this  same  sur¬ 
rounding  concrete.  The  slender  rods  merely  accentuate  the 
weakness  of  the  concrete.  These  columns  usually  break  with 
rounded  ends  by  the  spalling  out  of  the  concrete. 

The  other  phase  of  weakness  concerns  the  monolithic  char¬ 
acter  of  the  building.  While  the  monolithic  feature  of  a  rein¬ 
forced  concrete  building  is  a  source  of  strength  in  many  ways,  it 
is  in  reality  a  source  of  weakness  if  the  columns  are  not  tough. 
Columns  in  a  building  are  not  simply  props  in  simple  compres¬ 
sion,  as  they  would  be  in  a  testing  machine.  They  must  give 
stiffness  and  rigidity  to  the  building  as  well  as  support  to  the 
loads.  It  is  this  office  that  designers  and  authors  overlook.  If  there 
is  any  expansion  in  a  large  building  or  any  settlement  in  any  of 
the  columns,  it  is  the  columns  that  must  take  the  racking  stresses. 
Manifestly,  such  things  cannot  do  much  damage  to  the  doors. 
Columns  that  are  brittle  as  a  dish  and  are  one  piece  with  the  re¬ 
mainder  of  the  structure  cannot  be  expected  to  withstand  these 
strains.  In  a  letter  concerning  the  wreck  of  the  Hencke  Build¬ 
ing  in  Cleveland,  the  writer  said:  “The  least  movement  or  set¬ 
tlement  in  such  a  structure  with  no  articulation  and  no  tough¬ 
ness,  puts  excessive  strains  on  the  weakest  part  of  the  frame.  In 
this  construction,  it  is  the  columns,  that  are  designed  as  mere 
props  with  no  ability  to  resist  bending.  Cracks  in  these  mean 
spalling  and  stripping  of  the  concrete  and  disaster. 

When  one  column  of  a  structure  of  this  sort  gives  way  the 
others  are  at  once  enormously  overstressed  and  the  usual  result 
is  complete  disaster.  This  is  the  most  sinister  feature  of  this 
kind  of  designing.  A  child  with  a  small  hammer  working  dili¬ 
gently  for  some  hours,  chipping  away  spalls  of  concrete  from 
one  of  the  columns  might  wreck  a  building  of  this  character. 

“And  Samson  said  unto  the  lad  that  held  him  by  the  hand, 
Suffer  me  that  I  may  feel  the  pillars  whereupon  the  house 

♦Engineering  News.  Jan.  28th,  1911. 
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standeth,  that  I  may  lean  upon  them.  And  he  bowed  himself 
with  all  his  might;  and  the  house  fell  upon  the  lords  and  upon 
all  the  people  that  were  therein.” 

There  does  not  seem  to  have  been  much  advance  in  struc¬ 
tural  engineering  since  the  days  of  the  judges,  when  a  so-called 
modern,  up-to-date  building  can  be  wrecked  by  so  small  a  cause. 


Fig.  5.  Photograph  Showing  Manner  of  Failure  of  Rodded  Columns. 


■  There  have  been  failures  in  steel  buildings  due  to  structural 
weakness,  but  the  toughness  of  the  steel  columns  prevents  com¬ 
plete  collapse.  Even  in  such  trying  conditions  as  when  steel 
columns  have  been  subjected  to  fires  that  soften  the  steel,  there 
have  been  many  instances  where  these  columns  are  crippled  by 
bowing  or  even  partially  telescoping  and  yet  they  remain  upright 
and  carry  heavy  loads. 

The  failure  of  a  metal  structure  that  resembles  these  great 
concrete  column  wrecks  took  place  some  years  ago.  A  high  apart¬ 
ment  building  with  cast  iron  columns  collapsed  in  much  the  same 
way.  The  columns  tumbled  into  the  basement  like  a  lot  of  jack 
straws  because  of  their  inherent  lack  of  toughness,  demonstrat¬ 
ing  their  insufficiency  for  a  high  building. 

The  matter  of  correct  design  of  buildings  is  not  a  thing  that 


GODFREY — FAILURES  OF  REINFORCED  CONCRETE  STRUCTURES 


435 


concerns  merely  the  private  owner,  or  t he  engineer.  It  concerns 
vitally  the  whole  public.  Men  want  at  least  a  chance  to  run  for 
their  lives.  If  someone  makes  a  small  blunder  in  the  design  or 
execution  of  a  piece  of  work,  it  should  not  be  possible  that  the 
whole  factor  of  safety  should  be  wiped  out  and  total,  sudden  col¬ 
lapse  made  imminent. 

It  is  to  be  earnestly  hoped  that  the  new  building  code  of 
Pittsburgh  will  forever  bar  structures  with  columns  such  as  all 
of  the  great  wrecks  have  had. 

The  typical  interior  columns  of  a  wrecked  building  were 
made  12  by  14  in.,  in  section,  this  in  the  top  story.  Near  each 
corner  of  the  column  was  a  y2  in.  rib  bar.  The  dead  load  per 
square  inch  on  the  12  by  14  in.  area  of  this  column  was  650  lb. 
The  section  in  the  second  story  was  14  by  14  in.  and  there  were 
four  %  in.  rib  bars  near  the  corners.  The  dead  load  on  this  was 
800  lb.  per  sq.  in.  The  first  story  section  of  this  column  was 
18  by  18  in.  Six  y8  in.  rib  bars  were  used  in  this  column.  The 
dead  load  on  this  area  was  577  lb.  per  sq.  in.  This  column  was 
about  18  ft.  high.  If  these  columns  had  been  made  of  oak, 
they  would,  by  the  New  York  Building  Code,  be  good  for  700, 
730  and  700  lb.  per  sq.  in  respectively.  Oak  is  three  or  four 
times  as  strong  as  concrete  in  compression  and  twenty-five  or 
fifty  times  as  strong  in  tension.  Does  it  not  look  like  something 
wrong  in  the  standard  when  a  material  having  a  fraction  of  the 
strength  is  given  equal  or  greater  unit  values  than  those  found 
safe  for  wood?  Imagine  a  chair  with  concrete  legs  of  t he  size 
of  those  in  which  the  country  store  loafer  tilts  back  in  complete 
confidence. 

One  column,  by  reason  of  a  change  in  the  plans,  had  its 
load  greatly  increased.  The  foundation  piles  had  already  been 
driven  and  this  column  had  but  a  single  concrete  pile  under  it. 
To  increase  the  supporting  power,  a  spread  footing  was  placed 
on  top  of  this  pile,  nine  feet  square.  The  spread  footing  rested 
on  filled  ground,  while  the  pile,  of  course,  would  be  driven 
down  to  a  hard  bearing. 

Now  a  spread  footing  on  filled  ground  is  expected  to  settle 
considerably  before  it  can  meet  with  much  upward  force  from 
the  ground.  A  combination  of  a  spread  footing  and  a  pile 
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driven  to  a  firm  bearing  would  mean  that  the  pile  would  get  the 
bulk  of  the  load,  at  least,  until  the  whole  had  settled.  The  esti¬ 
mated  dead  load  on  this  column  base  is  142  tons.  This  on  a 
single  pile,  even  aided  by  a  spread  footing  could  not  be  expected 
to  result  in  anything  but  settlement.  If  the  pile  were  16  inches 
in  diameter,  it  would  be  good  for  a  safe  load  of  about  20  or 
25  tons.  This  column  should  then  have  had  six  or  seven  piles 
under  it,  if  their  diameter  was  16  in.,  in  order  to  take  safelv  the 
142  tons,  even  making  no  allowance  for  live  load. 


Fig.  6.  Photograph  Showing  Failure  of  Heavy  Corner  Column. 


What  is  standard  practice  in  regard  to  reliance  jointly  on 
an  unyielding  and  a  yielding  source  for  reactions  on  one  mono¬ 
lithic  piece  of  construction  ?  We  have  only  to  look  at  the  stand¬ 
ard  treatment  of  concrete  arches  to  find  a  parallel.  Horizontal 
pressure  against  the  haunches  of  an  arch  is  regularly  computed. 
This  means  an  active  horizontal  pressure  from  earth  fill.  Some¬ 
thing  impossible  of  attainment  in  anything  but  semi-liquid  mud 
or  sand.  Arches  are  regularly  made  lighter  in  section  because 
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of  this  supposed  pressure  that  reason  and  experiment  demon¬ 
strate  scarcely,  if  ever,  exists.  If  arches  spread  out  measurably 
in  a  horizontal  direction  in  settling,  a  horizontal  resisting  force 
would  be  met  with,  but  the  arch  would  be  ruptured  in  the  pro¬ 
cess.  This  is  just  another  absurd  and  defenseless  practice  adopt¬ 
ed  by  designers  and  authors  in  general. 

The  expected  thing  did  happen  in  this  building.  In  the 
space  of  two  weeks,  shortly  before  the  wreck,  the  heavily  loaded 
column  sunk  a  measured  distance  of  1  *4  inches.  And  this  ap¬ 
pears  to  have  been  the  tripping  cause,  the  trigger,  so  to  speak, 
that  set  off  all  of  the  highly  stressed  parts  of  the  building. 

One  of  the  other  third  story  columns  began  to  spall  and 
show  signs  of  failure  on  the  corner  toward  the  heavily  loaded 
one.  This  column  was  shored  up  and  re-plastered.  The  spalling 
was  near  the  door  in  the  third  story, 'exactly  the  nature  of  fail¬ 
ure  that  would  be  reasoned  out  for  this  particular  column  under 
rhe  circumstances,  given  the  premise  of  its  monolithic  and  brit¬ 
tle  character.  Shortly  after  this,  another  column  broke  in  two 
in  the  middle,  and  then  the  whole  structure  collapsed. 

Girders  broke  away  from  columns  with  ease.  Slender  rods 
ripped  out  of  the  concrete  columns  and  curled  up  in  fantastic 
shapes,  a  splendid  illustration  of  how  they  “reinforce”  a  con¬ 
crete  column. 

The  columns  broke  into  short  lengths.  Some  of  them  were 
shattered  into  small  chunks  of  concrete.  Those  along  the  front 
wall,  though  extra  heavy,  snapped  of  at  the  top  of  the  concrete 

wall. 


A  most  significant  and  instructive  occurrence  in  connection 
with  this  wreck,  one  that  ought  to  cause  every  reinforced  con¬ 
crete  engineer  to  stop  and  consider,  happened  60  or  80  feet  away 
from  the  main  wreck.  One  column,  a  concrete  shaft  l"'  in.  by 
22  in.  with  six  y2  in.  rods  in  it.  broke  at  a  point  below  the 
gallery  floor.  The  break  is  about  midway  between  the  ground 
and  the  gallery  floor.  The  column  did  not  let  down  its  load,  but 
it  spalled  and  cracked  horizontally  both  inside  and  outside  of 
the  building.  The  column  was  made  in  the  summer;  it  was 
thoroughly  seasoned;  it  was  not  heavily  loaded,  being  subject 
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to  only  about  200  lb.  per  sq.  in.  of  section.  And  yet,  from  no 
apparent  cause,  except  the  quaking  of  the  earth,  or  possibly  in¬ 
ternal  air  pressure  in  the  building,  the  column  broke. 

Examination  shows  that  other  columns  in  the  standing  por¬ 
tion  of  the  structure,  near  the  wreck,  spalled  and  cracked.  All  of 
this  on  old,  well  seasoned  concrete.  The  usual  cry  of  “  green 
concrete”,  the  “ heart  failure’’  resort  of  the  investigating  doc¬ 
tor,  is  of  no  avail  here.  The  insufficiency,  the  absolute  danger, 
of  this  style  of  column  is  clearly  demonstrated,  without  a 
scintilla  of  a  doubt. 


When  a  column  under  a  load  of  200  lb.  per  sq.  in.  demon¬ 
strates  its  instability  by  breaking  when  the  earth  is  jarred,  what 
can  be  the  condition  of  a  column  under  600  or  800  lb.  per  sq. 
in.  What  might  happen  if  there  was  a  slight  earthquake  near 
one  of  these  reinforced  concrete  buildings?  The  mere  jarring, 
due  to  a  heavy  trolley  car  passing  over  a  rail  joint  can  often 
be  felt  hundreds  of  feet  away  from  the  car.  Over  in  Allegheny 
an  old  building  was  jarred  down,  another  is  shaking  to  pieces, 
due,  I  believe,  to  the  miniature  earthquakes  caused  by  electric 
cars.  These  are  facts  of  tremendously  greater  importance  than 
the  results  of  well  nurtured  test  columns  subjected  to  carefully 
applied  loads  placed  in  the  exact  center  of  the  column.  They 
are  of  more  importance  even  than  the  majority  opinion  of  in¬ 
terested  designers  and  irresponsible  authors. 

The  last  of  this  building  was  poured  nearly  two  months 
before  the  collapse.  It  was  kept  warm  by  salamanders  for  a  few 
days.  In  fact  the  weather  during  the  initial  set  was  not  cold. 
After  that,  however,  the  cold  weather  set  in,  and  it  is  safe  to 
say  that  the  concrete  never  thawed  out  after  it  was  frozen. 
The  temperature  rose  above  freezing  at  times,  but  it  has  not 
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been  warm  enough  for  the  heat  to  penetrate  the  cinder  till  and 
slabs  so  as  to  thaw  out  the  concrete.  The  failure  occurred 
shortly  after  the  beginning  of  mild  weather,  but  it  does  not 
appear  that  this  had  any  bearing  on  the  wreck,  for  the  concrete 
after  the  wreck  was  white  and  hard  and  still  frozen.  Frozen 
concrete  has  much  the  same  appearance  as  hardened  concrete. 

Another  fact  that  would  indicate  that  warm  weather  had 
nothing  to  do  with  the  failure  is  that  practically  all  the  shoring 
was  in  place,  under  the  roof,  though  much  of  the  lagging  under 
the  slabs  had  been  removed. 

Each  girder  was  supported  by  five  3  by  4  in.  props  and 
there  were  three  4  by  6  in.  props  to  a  bay  under  the  slabs. 
The  bottom  2  by  12  in.  plank  was  in  place  under  the  girders 
and  the  4  by  6  in.  props  had  3  by  4  in.  headers.  Along  two 
sides  of  the  building  the  original  joists  and  sheathing  were  still 
in  place  under  the  floor  slabs.  The  safe  supporting  power  of 
these  wooden  props  is  nearly  equal  to  half  of  the  total  weight 
of  the  roof  girders  and  slabs  and  the  cinder  fill.  Besides  this 
there  were  some  props  left  under  the  third  floor  slabs. 

The  concrete  of  the  roof  had  not  hardened.  Pieces  could  be 
broken  off  with  ease  a  fewT  days  after  the  wreck.  The  concrete 
appeared  to  be  properly  made.  Samples  taken  and  kept  moist 
hardened  well. 

Another  building  collapsed.  It  had  columns  with  slender 
rods  in  them  and  beams  with  little  steel  attachment  to  the  col¬ 
umns.  It  was  about  finished  and  soon  to  be  occupied.  Green 
concrete  could  not  help  out  the  apologist,  but  he  seized  upon 
something  more  powerful  than  dynamite — dirt  and  sawdust. 
Beams  and  columns  parted  company  with  great  ease  and  the 
columns  broke  with  rounded  ends,  showing  the  characteristic 
brittleness  of  such  columns. 

Still  other  buildings  collapsed,  all  large  structures;  all  col¬ 
lapsed  during  completion  of  the  work.  They  might  have  stood 
a  few  days  longer.  They  might  have  been  filled  with  people; 
it  is  more  like  a  merciful  Providence  than  an  argument  for  their 
style  of  design  that  they  were  not.  All  of  these  buildings  had 
slender  rodded  columns,  and  in  all  of  them  the  columns  proved 
their  inefficiency.  Great  and  extensive  wrecks  such  as  these 
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would  be  absolutely  impossible  with  tough  and  strong  columns. 


responsible  authors  who  would  not  dare  to  venture  the  construc¬ 
tion  of  a  column  on.  their  own  theories.  Of  what  value  are  the 
lessons  of  a  half  a  score  of  wrecks,  when  committee  reports  sanc¬ 
tion  the  use  of  a  slender  rodded  column '?  And  whereto  serves 
the  Building  Code  but  to  relieve  designers  of  all  responsibility? 
These  building  codes  apparently  without  exception  allow  such 
columns. 


Fig.  8.  Photograph  of  Skew  Arch  which  Failed. 


One  building  code  forbids  the  use  of  plain  steel.  In  the 
interest  of  a  few  promoters  such  backward  steps  can  be  taken, 
but  in  the  interest  of  the  helpless  public  what  has  been  done  as  a 
real  safeguard  against  wrecks? 

A  reservoir  roof  in  Madrid  collapsed.  .  It  was  supported 
by  slender  rodded  columns.  Other  reinforced  concrete  struc¬ 
tures  have  failed  where  other  principles  of  sound  engineering 
have  been  violated. 

A  reinforced  concrete  arch  bridge  of  three  spans  shown  in 
outline  in  Fig.  3,  collapsed  in  1910.  In  this  bridge  there  were 
three  arches  in  a  series.  The  middle  one,  with  a  90  ft.  span, 
had  a  rise  of  nine  feet,  and  the  outer  ones,  with  spans  of  75  ft., 
had  each  an  effective  rise  of  eleven  feet.  The  piers  between 
the  arches  were  narrow  and  not  designed  to  take  much  thrust. 


GODFREY — FAILURES  OF  REINFORCED  CONCRETE  STRUCTURES  441 

The  astounding  feature  of  this  design  is  that  the  long  span  had 
the  low  rise,  and  the  short  spans  had  the  high  rise.  In  conse¬ 
quence  of  this  the  excess  thrust  of  the  middle  span  forced  up 
one  of  the  side  spans.  This  side  span  then  dropped,  relieving 
the  end  thrust  of  the  middle  span,  which  then  collapsed;  this 
was  followed  by  the  collapse  of  the  other  side  span.  The  figure 
shows  the  approximate  thrusts  for  one  foot  width  of  the  bridge 
due  to  dead  load  alone. 

Doubtless  no  engineer  would  deliberately  design  three 
arches  in  a  series  such  as  these  with  the  high  rise  in  the  short 
arch,  if  the  abutments  were  on  a  level  with  the  pier;  and  doubt¬ 
less  the  designer  here  believed  that  the  rise  of  this  side  arch 
for  calculations  of  the  thrust  was  the  difference  in  elevation  of 
the  right  end  and  the  high  point  of  the  arch.  But  this  is  not 
the  case.  The  effective  rise  of  an  arch  of  this  sort  is  the 
"vertical  ordinate  from  the  centre  of  the  chord  to  the  curve. 


Fig.  9.  Sketch  Showing  Thrust  in  Skew  Arch. 

Skew  arches  in  reinforced  concrete  have  failed  and  the 
reason  is  not  hard  to  find.  One  of  these  arches  was  in  Bendigo, 
Australia.  The  abutments  were  especially  massive,  securely 
founded  on  solid  rock  and  the  materials  were  excellent.  It  was 
built  on  a  heavv  skew,  and  when  the  barrel  of  an  arch  is  a  solid 
sheet  of  concrete,  the  tendency  is  for  the  thrust  to  be  at  right 
angles  to  the  axis  of  that  barrel.  This  throws  a  heavy  twisting 
force  on  the  abutment  or  the  arch,  and  stresses  exist  which  the 
ordinary  theory  of  the  arch  does  not  contemplate. 

An  arch  bridge  failed  in  1909.  Four  125  ft.  skew  arch 
spans  completely  collapsed  and  one  110  ft.  square  span  sagged. 
Between  the  series  of  four  spans  and  the  other  was  a  bascule 
span  on  good  heavy  piers;  this  remained  firm.  Foundations 
were  blamed  for  the  failure,  but  as  a  bridge  on  the  same  site 
had  existed  for  30  years  on  simple  cribbing,  whereas  this  one 


442  PROCEEDINGS  ENGINEERS '  SOCIETY  WESTERN  PENNA. 

was  on  piles,  and  as  the  bascule  piers  stood  firm,  it  looks  as 
though  some  other  cause  might  be  responsible.  The  shore  abut¬ 
ments  were  high,  evidently  designed  with  the  idea  that  part  of 
their  stability  would  be  derived  from  horizontal  pressure  of  the 
fill  against  them.  Part  of  this  fill  was  manure  and  other  light 
materials. 


Fig.  10.  Section  of  Oil  Tank  Wall  which  Overturned. 


0,  yes,  the  books  always  show  horizontal  force  exerted  by 
earth,  earth  that  may  stand  alone,  may  stand  away  from  the 
abutment.  This  is  standard  design.  The  engineer  John  Doe 
approves  it ;  any  amount  of  authority  can  be  found  for  it.  Why 
should  not  engineering  authority  have  weight  enough  to  sustain 
a  small  structure  ? 

In  1906  a  girder  bridge  of  a  span  of  15  ft.  collapsed  under 
the  weight  of  a  traction  engine.  On  the  designer’s  own  admis¬ 
sion  the  steel  was  strained  to  32  000  lb.  per  sq.  in.  for  dead  load 
stresses,  disguised,  however,  as  16  000  lb.,  with  a  “factor”  of 
two.  The  concentrated  load  on  four  wheels  had  been  considered 
as  uniformly  distributed  over  240  sq.  ft.  of  space,  all  because  of 
a  foot  or  so  of  earth  fill.  Both  of  these  are  reprehensible  prac¬ 
tices.  The  end  shear  of  the  girder  was  about  40  lb.,  for  dead 
load  alone  and  would  be  double  or  more  this  amount  with  the 
live  load  on  the  bridge.  The  steel  reinforcement  ended  just  a 
short  distance  within  the  support,  so  that  it  was  quite  incapable 
of  taking  the  diagonal  tension  in  this  highly  stressed  section  of 
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the  girder.  This  is  another  great  fault  in  design,  which  has 
been  exemplified  in  so  many  wrecked  buildings. 

Fig.  No.  4  shows  a  section  of  a  reinforced  concrete  oil  tank 
that  failed  in  1911.  The  method  by  which  it  failed  or  ought 
to  have  failed  is  indicated  in  the  right  hand  part  of  the  figure. 
So  far  as  could  be  ascertained  this  is  the  way  it  did  fail.  This 
ruptured  section  is  under  heavy  tensile  stress;  it  is  not  crossed 
by  any  steel  reinforcement. 

Is  this  standard  design?  Fig.  5  will  tell  us.  This  figure 
is  from  a  very  recent  edition  of  a  standard  book,  the  author  of 
which  considered  it  beneath  his  dignity  to  attempt  any  defense 
of  his  reinforced  concrete  designs  when  the  speaker  criticised 
them  other  than  to  say  that  my  views  are  not  shared  by  other 
writers.  I  have  added  to  this  figure  lines  indicating  where 
these  retaining  walls  would  break  if  they  ever  received  their 
load.  There  is  no  reinforcement  whatever  crossing  these  sec¬ 
tions.  The  speaker  pointed  out  these  errors  in  design  pub¬ 
licly  several  months  before  this  book  left  its  author’s  hands. 

Other  serious  errors  are  commonly  made  in  reinforced  con¬ 
crete  retaining  walls.  I  refer  to  ribbed  or  counterforted  walls. 
In  these  short  ends  of  rods  are  bedded  in  slabs  where  they  are 
under  heavy  direct  tensile  stresses.  The  anchorage  of  these 
rods  is  entirely  inadequate  and  yet  this  is  a  standard  method 
of  books  and  designers. 

There  is  always  some  tripping  cause,  some  trigger  that  sets 
off  a  wreck,  and  almost  invariably  investigators  search  for  this 
cause  and  emphasize  it  until  the  impression  is  given  that  this 
is  the  sole  cause.  It  is  as  though  a  rabbit  would  curse  the  figure 
four  in  the  trap  which  caught  it  rather  than  the  designing  mind 
that  set  the  trap. 

The  lessons  of  these  wrecks  are  lessons  for  the  engineer. 
Not  the  copy  book  lesson  that  he  should  do  his  work  more  care¬ 
fully  and  accurately,  but  the  vastly  more  austere  admonition 
that  his  accepted  standards  in  reinforced  concrete  design  are 
abominable  and  dangerous.  Entirely  too  many  great  wrecks 
have  taken  place.  Entirely  too  much  foolish  prattle  has  been 
given  out  to  the  effect  that  more  care  must  be  exercised  in  the 
execution  of  work,  more  thorough  inspection  by  the  cities  or 
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architects,  all  to  preserve  that  evanescent  fraction  of  a  unit  in 
the  factor  of  safety  that  permits  a  building  to  be  finished  and 
occupied  before  its  highly  overstressed  parts  reach  their  limit 
of  endurance. 

If  committees  making  reports  on  reinforced  concrete  would 
fairly  and  squarely  look  into  the  face  of  the  arguments  against 
these  outrageous  standards  of  design ;  if  designers  would  look 
the  gift  horse  in  the  mouth,  when  they  are  handed  a  free  cata¬ 
logue  showing  just  how  to  do  wonderful  things  in  design  by 
the  use  of  some  patented  system ;  if  authors  refrained  from  put¬ 
ting  forth  formulas  and  methods  of  design  that  they  cannot 
analyze  or  defend;  safety  in  this  branch  of  construction  would 
be  greatly  advanced. 

I  am  not  decrying  reinforced  concrete.  It  stands  at  the 
top  as  a  most  substantial  and  satisfactory  method  of  design.  For 
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many  situations  it  has  no  peer.  In  many  ways  it  is  the  best 
form  of  construction  ever  devised.  It  is  strong,  fireproof  and 
practically  everlasting,  but  only  when  correctly  designed.  It 
has  suffered  woefully  at  the  hands  of  its  supposed  friends. 

But  correct  design  makes  it  cost  just  about  as  much  as  steel 
frame  work  and  here  is  the  secret  of  its  degradation.  In  strenu¬ 
ous  efforts  to  beat  down  its  cost,  senseless  tests  and  senseless 
methods  of  analysis  are  taken  at  their  face  value. 


CORRESPONDENCE. 

Mr.  -E.  G.  Perrot:*  The  paper  by  Mr.  Godfrey  is  very 
timely,  as  there  still  seems  to  be  those  who,  notwithstanding  the 
experience  of  past  practice  in  reinforced  concrete,  still  continue 
to  trifle  with  this  system  of  construction. 

There  is  no  doubt  that  the  design  of  many  structures  which 
have  collapsed  has  been  the  cause  of  their  failure,  while  bad 
workmanship  has  also  been  at  the  root  of  the  trouble.  Pre¬ 
mature  striking  of  forms,  especially  when  the  concrete  has  been 
frozen,  is  another  cause.  Hence,  it  would  seem  that  to  bring 
a  reinforced  concrete  structure  to  a  successful  issue  and  insure 
a  perfectly  safe  building,  all  the  foregoing  factors  must  be 
properly  taken  care  of. 

That  the  methods  of  design  vary  in  the  several  parts  of 
the  country,  some  sections  adopting  what  might  be  considered 
the  more  lax  method  in  design,  permitting  the  use  of  higher  unit 
stresses  than  tests  would  seem  to  warrant,  while  other  sections 
are  just  the  reverse,  and  seem  to  require  higher  unit  stresses 
and  more  rational  treatment  of  the  material.  For  instance,  in 
the  Regulations  of  the  Bureau  of  Building  Inspection  of  the 
City  of  Philadelphia,  the  unit  stress  on  reinforced  concrete 
columns  is  500  lb.  per  sq.  in.,  no  allowance  being  made  for  the 
steel  rods  in  the  columns,  these  being  considered  in  the  nature 
cf  ties  to  bind  the  concrete  together,  and  prevent  the  concrete 
from  cracking.  Further,  the  mixture  of  the  concrete  must  be 
in  the  proportion  of  1 :2 :4.  Other  cities  permit  a  stress  of 
700  to  750  lb.  on  columns,  which  is  altogether  too  high. 

♦Consulting  Engineer,  of  Ballinger  and  Perrot,  Engineers  and  Archi¬ 
tects,  Philadelpha,  Pa. 
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Speaking  from  my  own  experience,  I  do  not  know  of  a 
failure  of  a  concrete  column  designed  as  required  by  the  Phila¬ 
delphia  Regulations,  while  there  has  been  only  two  failures  of 
reinforced  concrete  buildings  since  the  inception  of  reinforced 
concrete  in  Philadelphia,  ten  years  ago.  One  of  these  failures, 
the  most  disastrous,  was  undoubtedly  due  to  bad  workmanship, 
while  the  other  was  due  to  both  bad  design  and  bad  workman¬ 
ship. 

To  prohibit  the  use  of  square  or  rectangular  columns  or 
piers,  reinforced  with  vertical  rods  and  tied  together  at  inter¬ 
vals  because  accidents  have  happened  to  buildings  constructed 
with  such  columns,  does  not  appear  to  me  to  be  just.  The  fault 
is  not  with  the  design  or  arrangement  of  the  concrete  and  steel, 
but  with  the  high  unit  stresses  allowed  on  this  form  of  column. 
There  is  no  doubt  that  the  many  designers  use  too  high  a  value. 
This  should  be  regulated  by  law,  so  that  the  unit  stress  on  the 
column  will  be  well  on  the  side  of  safety.  I  do  not  believe  in 
legislation  that  forbids  the  use  of  this  or  that  detail  of  con¬ 
struction,  if  by  limiting  the  stresses  to  suit  what  tests  show  to 
be  safe,  the  designer  can  be  given  freedom  of  action  consistent 
with  the  protection  of  the  public. 

Where  heavy  loads  are  to  be  carried  on  columns  our  prac¬ 
tice  is  to  use  either  a  hooped  column  or  introduce  a  structural 
steel  core  in  the  column.  This  keeps  the  size  of  the  column 
within  practical  limits,  although  for  wall  piers  we  frequently 
use  the  rectangular  shape  with  vertical  rods  and  ties  only.  This 
method  of  design  we  have  successfully  used  in  buildings  ten 
stories  high. 

One  of  the  best  forms  of  reinforced  concrete  columns  no 
doubt  is  the  hooped  column,  especially  where  the  concrete  is  a 
rich  mixture,  say  one  of  cement,  one  of  sand,  and  two  of  stone, 
more  cement  in  the  mixture  is  the  best  reinforcement  for  col¬ 
umns,  and  when  hooped  columns  are  made  with  the  mixture 
just  mentioned  a  safe  load  of  1000  lb.  per  sq.  in.  is  perfectly 
justifiable,  and  makes  a  safe  construction.  In  our  practice  we 
have  used  columns  of  this  sort  with  perfect  safety. 

The  use  of  the  girderless  floor  as  a  substitute  for  the 
more  rational  beams  and  slab  construction  is  to  my  mind  a  grave 


GODFREY — FAILURES  OF  REINFORCED  CONCRETE  STRUCTURES  447 

mistake.  No  one  who  has  given  serious  thought  to  the  subject 
and  has  had  experience  in  erecting  buildings  for  the  housing  of 
moving  machinery,  can  bring  himself  to  the  honest  conviction 
that  floors  constructed  without  the  stiffening  effect  of  the  gird¬ 
ers  or  beams  are  to  be  preferred  to  the  common  accepted  type 
of  beams  and  slab  construction. 

The  fundamental  principle  in  mechanics  that  “The  deeper 
the  beam  the  stiffer  it  is”  applies  with  equal  force  to  reinforced 
concrete  as  to  any  other  material.  Further,  the  certainty  with 
which  the  calculation  of  the  strength  of  beams  and  slabs  can  be 
made  as  compared  with  the  indeterminate  empirical  formulas 
used  in  designing  girderless  floors  should  operate  to  make  these 
latter  less  popular.  Where  shafting  is  to  be  attached  to  the 
ceiling,  long  drop  hangers  are  required  to  permit  the  pulleys 
to  clear  the  ceiling.  This  adds  expense  to  the  millwrighting, 
and  is  especially  objectionable  where  large  driving  or  receiving 
pulleys  must  be  used,  as  then  the  shaft  must  be  dropped  much 
lower  than  is  the  case  where  beams  are  used,  as  the  pulleys 
in  the  latter  case  are  located  between  and  extend  above  the  bot¬ 
tom  of  them,  thus  permitting  the  use  of  short  hangers  fastened 
to  bottom  of  the  beams  or  girders. 

If  we  are  to  have  safe  and  rigid  reinforced  concrete  build¬ 
ings,  that  can  be  erected  with  the  same  surety  as  steel  con¬ 
struction,  we  must  adopt  rational  methods  in  our  design,  and 
not  attempt  to  count  on  some  unknown,  hidden  or  secret  prin¬ 
ciple  to  bear  out  our  clumsy,  make-shift  of  a  formulae  that  has 
no  foundation  in  theorv  or  fact. 

In  conclusion,  I  might  say  that  there  does  not  seem  to  be 
any  just  reason  why  a  reinforced  concrete  building  should  col¬ 
lapse  during  construction,  if  proper  diligence  is  exercised  in  its 
design  and  construction,  any  more  than  a  steel  frame  building 
should  so  fail. 

Mr.  F.  H.  Kindl:*  The  value  of  Mr.  Godfrey’s  paper  will 
consist  in  teaching  the  layman  and  owners  of  buildings  to  under¬ 
stand,  that  because  a  structure  stands,  it  does  not  follow  it  ;s 
necessarily  safe.  If  this  can  be  accomplished,  it  will  not  only 

•Consulting  Engineer,  Bakewell  Bldg.,  Pittsburgh. 
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be  a  great  benefit  to  the  engineering  profession,  but  to  the 
owners  of  structures  and  the  public  in  general. 

It  is  unfortunate  that  with  the  advanced  state  of  the  art 
of  building  construction  anyone  should  still  assume  because  a 
building  has  stood  and  is  standing,  it  should  be  accepted  as  a 
safe  and  substantial  building,  only  to  find  a  month,  two  months 
or  even  years  thereafter,  through  its  collapse,  the  error  of  these 
assumptions.  That  such  conditions  still  exist  is  proved  by  the 
numerous  failures,  which  we  read  about,  know  from  personal 
observation  and  cited  in  this  paper.  However,  I  do  not  at¬ 
tribute  the  lack  of  stability  to  the  laws  governing  the  proper 
design  of  reinforced  concrete  construction,  and  believe  if  a  re¬ 
inforced  concrete  construction  is  designed  in  accordance  with 
the  present  accepted  standards  and  careful  inspection  and  super¬ 
intendence  carried  on  during  its  erection,  a  building  so  con¬ 
structed  will  undoubtedly  be  as  safe  as  those  constructed  with 
steel  or  any  other  material. 

By  accepted  standards  I  do  not  mean  generally  adopted 
unit  stresses  (as  these  should  always  vary  depending  upon  the 
use  for  which  the  structure  is  designed),  but  the  formulae  by 
means  of  which  the  sections  of  various  members  entering  into 
the  parts  of  a  structure  are  determined. 

I  take  particular  exception  to  the  statement  that  longitud¬ 
inal  rods  properly  tied  in  reinforced  concrete  columns,  do  not 
add  to  the  ability  of  a  concrete  column  to  resist  compression, 
nor  can  I  see  where  a  hooped  column  without  longitudinal  rods 
will  resist  flexure  in  a  column,  a  swell,  as  when  such  rods  are 
inserted. 

It  is  a  well  known  fact  that  concrete  columns  reinforced 
by  hooping  will  stand  a  very  much  greater  axial  pressure  per 
sq.  in.  than  when  straight  longitudinal  rods  are  only  used. 
On  the  other  hand,  it  is  also  self  evident  that  such  a  column  can¬ 
not  resist  flexure,  and  it  therefore  follows  that  the  best  results 
of  a  reinforced  concrete  column  are  to  be  obtained  by  a  combi¬ 
nation  of  the  two  systems. 

It  is  self  evident  that  in  all  structures,  the  foundations 
are  the  most  important  feature  of  any  structure  and  I  dare  say 
90  percent  of  the  failures  of  buildings  are  due  to  improperly  de- 
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signed  foundations.  While  unequal  settlement  of  any  building 
is  to  be  avoided,  I  fully  agree  with  Mr.  Godfrey  that  in  a  re¬ 
inforced  concrete  building,  this  must  be  absolutely  guarded 
against,  if  a  permanent  and  safe  structure  is  to  result. 

The  use  of  concrete  piles  to  take  the  place  of  wooden  piles 
is  becoming  so  general  that  a  few  words  might  not  be  out  of 
place  regarding  their  relative  resisting  values,  and  in  this  re¬ 
spect  there  is  no  good  reason  why  a  concrete  pile  of  the  same- 
dimensions  and  driven  under  the  same  conditions  as  a  wooden 
pile  should  be  figured  to  carry  a  greater  pressure.  In  fact, 
take  the  various  conditions  to  which  a  pile  may  be  subjected,  the 
wooden  pile  would  be  a  much  safer  proposition  than  the  same 
sized  concrete  pile,  unless  the  later  is  properly  reinforced  so  as 
to  be  capable  of  withstanding  flexure  the  same  as  a  sound  piece 
of  timber.  Therefore  from  an  engineering  standpoint  where 
piles  are  not  subject  to  decay,  wooden  piles  should  be  preferred, 
and  were  concrete  piles  are  used,  they  should  be  properly  re¬ 
inforced  and  subject  to  the  same  laws  as  govern  the  capacity 
of  wooden  piles. 

Referring  to  the  various  examples  set  forth  in  this  paper, 
I  am  quite  familiar  wTith  the  single  pile  foundation  mentioned 
therein  namely,  where  a  single  concrete  pile  had  its  load  increas¬ 
ed  so  that  at  the  time  of  the  collapse  of  the  building,  it  was  carry¬ 
ing  over  100  tons  of  dead  load.  This,  however,  was  not  the 
fault  of  the  concrete  pile  but  a  neglect  of  the  first  principle  of 
engineering  pertaining  to  foundations.  This  of  course  requires 
no  further  comment  except  that  as  Mr.  Godfrey  states  the  pile 
sunk  with  the  excessive  weight  and  the  building  being  a  mono¬ 
lithic  structure,  the  load  carried  by  this  pile  was  transferred  to 
the  adjacent  columns  producing  undue  and  eccentric  loads  there¬ 
on  causing  failure,  which  in  turn  pulled  the  entire  building 
down. 

Finally,  as  regards  the  provisions  in  building  laws,  I  be¬ 
lieve  that  such  standard  formulae  and  construction  as  may  be 
derived  therefrom  and  as  have  proven  themselves  by  laboratory 
tests  and  actual  practice  to  be  sound  should  be  adhered  to  and 
such  unit  stresses  adopted  as  will  place  all  building  construction 
upon  a  safe  engineering  basis. 
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Such  laws  are  under  consideration  for  the  City  of  Pitts¬ 
burgh  and  speaking  for  the  Commission  who  have  this  matter  in 
hand,  it  will  please  them  to  receive  from  all  those  interested, 
their  views  and  suggestions  which  will  tend  to  provide  in  the 
proposed  code  now  before  the  public  such  rules  and  regulations 
as  to  make  the  new  laws  safe  and  sound  so  far  as  the  present 
state  of  the  art  of  building  construction  will  permit. 

DISCUSSION. 

Mr.  Edward  Stotz  :*  Having  developed  into  a  chronic  ob¬ 
jector  through  years  of  persistent  protesting  at  the  lax  methods 
of  construction  in  public  and  private  building  enterprises,  and 
now  seeing  visions  of  a  codification  and  general  overhauling  of 
the  Acts  of  Assembly  as  affecting  buildings  of  our  great  State, 
I  am  almost  out  of  breath  on  the  subject  and  imagine  sometimes 
that  my  friends  avoid  me  like  one  just  returned  from  the  first 
trip  abroad,  and  anxious  to  impart  those  wonderful  word  pic¬ 
tures  o.f  B  a  deckers. 

Seriously,  I  think  we  are  on  the  eve  of  a  general  house¬ 
cleaning  as  regards  the  values  of  materials,  and  I  am  heartily 
in  accord  with  Mr.  Godfrey’s  attack  on  the  mysterious  Mr.  Doe. 
He  is  like  the  poetic  “someone  has  said”  often  quoted,  but  never 
nailed  by  the  speaker. 

A  few  days  ago  I  was  asked  to  give  information  on  the 
bearing  power  of  certain  soils  that  I  had  not  seen,  so  that  in 
case  the  assumptions  should  have  proven  incorrect,  I  could  be 
quoted  as  having  under  similar  conditions  taken  the  same 
chances. 

My  reply  was :  ‘  ‘  Dig  a  test  hole  and  get  down  into  it ;  load 
up  the  bottom  and  get  your  own  data,  and  you  will  sleep  well 
and  be  happy.  Having  ascertained  everything  you  can  by  your 
own  initiative  and  effort  first  hand,  and  arrived  at  comfort¬ 
able  and  sane  conclusion,  then  see  the  gossips  and  read  the 
sacred  pocket  books,  remembering  that  many  of  them  are  very 
old,  and  others  very  new,  and  that  one  ounce  of  first  hand  knowl¬ 
edge  mixed  with  a  little  horse  sense  will  often  carry  a  man 
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much  farther  than  a  hundred  pounds  of  text  hooks  and  advice 
from  afar.” 

I  would  under  no  condition  omit  the  books  on  any  subject, 
if  only  for  the  fun  of  disagreeing  with  their  Authors,  and  I 
would  hardly  think  it  wise  to  gauge  a  book  by  the  Author’s  age, 
but  I  do  think  an  act  modelled  on  the  Pure  Food  Law  would  be 
very  desirable  if  applied  to  books  and  pamphlets  on  technical 
subjects,  so  that  the  index  would  give  one  a  short  cut  to  the 
various  ingredients,  with  headings  somewhat  on  this  line : 

Author's  financial  interest  as  affected  by  this  writing. 

Author's  foibles,  fads,  and  fancies  on  this  subject. 

Author's  actual  practical  experience  in  demonstrating  theories  set 
forth,  etc. 

It  is  a  sad  waste  of  time  to  spend  a  whole  day  on  a  book, 
and  find  that  its  value  to  you  lies  solely  in  the  binding. 

The  architect  is  the  recepient  of  more  catalogs,  pamphlets, 
and  data  on  the  use  of  building  specialties,  I  would  imagine, 
than  the  engineer;  in  fact  we  get  some  that  I  think  are  not  in¬ 
tended  for  circulation  among  your  profession. 

That  much  of  this  printed  matter  is  positively  bad  does  not 
require  an  expert  to  determine;  that  the  seeking  of  a  market  for 
wares  covered  by  patents  and  applications  for  patents,  and  fol¬ 
lowed  up  by  ingenious  salesmen  to  a  degree  almost  devilish  in 
its  intensity  is  the  bane  of  an  architect’s  life. 

The  architect  not  only  has  to  contend  with  it  first  hand, 
but  finds  his  client  loaded  to  the  guards  with  allegations  of 
values  beyond  all  reason,  and  I  know  of  no  single  item  of  this 
kind  that  has  been  more  overdone  than  reinforced  concrete 
specialties. 

Failing  to  interest  the  architect,  these  surveyors  of  con- 
structural  vice  will  secure  the  drawings  and  send  out  sub-bids 
to  general  contractors  or  direct  to  owners,  showing  that  by  the 
use  of  their  system  of  cobwebs  and  refined  arguments  a  saving  in 
space,  material  and  cost  can  be  affected,  with  a  greatly  increased 
live  load. 

The  architect  being  desirous  of  getting  on  with  his  actual 
work,  and  being  offered  all  sorts  of  assurance  from  some  manu¬ 
facturing  concern  as  to  the  truth  of  the  allegations,  and  second- 
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ed  by  the  importuning  of  his  client,  sometimes  as  the  saying 
goes  “is  a  sport  and  takes  a  chance.7’ 

No  architect  is  any  more  justified  in  taking  an  opinion 
from  a  manufacturer  without  disinterested  engineering  advice  in 
matters  of  this  kind,  than  in  taking  a  patent  medicine  simply  be¬ 
cause  it  is  exploited  by  a  drug  store;  in  fact  less;  he  is  at 
liberty  to  take  his  own  life,  but  not  that  of  others. 

There  is  one  great  drawback  on  this  subject,  and  that  is 
the  quibble  among  engineers  on  what  I  do  not  think  are  per¬ 
haps  the  real  essentials  of  reinforced  concrete  design. 

The  architect  is  trained  or  hopes  he  has  been,  to  know  when 
he  has  passed  a  safe  limit  in  structural  design,  and  the  bigger 
the  man,  the  quicker  he  knows  it,  and  the  sooner  he  calls  in  a 
structural  engineer  to  do  that  part  of  the  work  which  legitimate¬ 
ly  belongs  to  the  engineering  profession,  the  better  for  his  client 
and  his  profession. 

The  bulk  of  an  architect’s  work  is  designed  not  only  to 
satisfy  utilitarian  purposes,  but  to  satisfy  the  eye,  and  in  most 
cases  the  architect  uses  a  great  excess  of  material,  but  when  he 
turns  to  the  engineering  profession  for  reinforced  concrete  ad¬ 
vice  and  finds  such  a  wide  divergence  of  opinion  as  to  values,  he 
feels  like  playing  safe  and  using  something  else. 

Surely  we  will  soon  have  the  truth  or  at  least  such  portions 
of  it  as  are  essential  to  the  safeguarding  of  life  and  property, 
and  it  is  to  you  gentlemen  that  we  are  looking  for  it. 

-  The  value  of  Providence  in  holding  up  structures  has  been 
bourne  in  upon  me  many  times,  and  I  should  not  like  to  write 
down  all  I  have  seen,  both  in  old  and  new  buildings,  for  fear 
of  being  accused  of  being  a  reinforced  prevaricator. 

As  to  Mr.  Godfrey’s  scriptural  quotations  concerning 
Sampson,  I  will  state  that  I  believe  I  can  furnish  him  with  names 
and  addresses  of  concerns  who  are  today  putting  on  the  market 
columns  that  Sampson’s  own  mother-in-law  could  have  never 
jarred  the  1/1000  part  of  an  inch. 

I  know  of  no  one  material  or  combination  of  materials  that 
are  to  have  a  larger  field  or  exert  a  greater  influence  than  cement 
and  steel  in  their  various  forms  in  the  years  to  come. 

The  safety  from  fire,  the  freedom  from  vermin,  the  effect 
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on  sanitation,  conservation  of  life  and  property,  and  the  develop¬ 
ment  of  architectural  expression  in  broad  simple  masses,  with 
textures,  color,  and  inlay,  legitimate  and  expressive  of  the  ma¬ 
terials  and  structural  members  is  unlimited  aud  will  enable  us 
some  day  to  have  something  better  than  the  past  has  given  for 
our  needs. 

The  utilitarian  and  the  asthetic  may  be  combined  to  a  very 
high  degree,  by  safe  construction  and  truthful  expression  in 
these  materials,  our  fire  losses  brought  even  lower  than  exists 
abroad,  instead  of  ten  times  as  great,  and  your  profession  and 
ours  working  together  in  seeking  for  the  truth  and  harpooning 
the  shark,  will  bring  about  the  recognition  and  passage  of  laws 
that  will  accomplish  these  results,  if  we  are  but  willing  to  work 
in  unison,  placing  the  professional  spirit  above  the  mercenary. 

I  am  not  qualified  to  go  into  a  technical  discussion  of  this 
kind,  but  I  have  seen  enough  in  the  failure  line  to  know  that  the 
assumptions  are  sometimes  positively  false,  that  the  constructive 
sense  in  the  abstract  is  shocked,  that  the  details  are  so  pitifully 
weak  and  inconsistent,  that  one  is  amazed  to  think  that  the  labor¬ 
ers  themselves  would  not  object  to  risking  their  lives  by  working 
on  such  structures. 

To  return  to  text  books,  let  me  call  your  attention  to  the 
tables  of  values  on  timbers,  considering  joists  in  common  use, 
based  on  yellow  pine,  with  corresponding  values  for  oak.  hem¬ 
lock,  etc. 

I  venture  to  say  that  not  one  person  in  a  hundred  in 
figuring  from  this  data  uses  less  than  inch  thick  units  for 
figuring,  notwithstanding  the  fact  that  the  manufacturers  of 
lumber  do  not  furnish  their  material  by  one  inch  units  of  thick¬ 
ness.  A  2  by  12  in.  joist  assumed  and  figured  as  such  will  not 
exceed  1%  in-  or  less  in  thickness,  and  the  trees  now  cut  are 
not,  either  in  dimension  or  growth,  of  the  value  to  produce  the 
sections  on  which  the  original  tests  or  assumptions  were  based. 

The  commercial  instinct  seems  to  develop  apace  in  some 
lines  at  least,  and  no  amount  of  persuasion  will  convince  me 
that  35  in.  make  a  yard,  or  eleven  a  foot. 

As  to  the  crushing  strength  of  concrete,  I  have  recently 
witnessed  some  tests  under  the  very  best  laboratory  conditions, 
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which  when  compared  with  what  I  have  seen  actually  placed  in 
buildings  would  in  my  judgment  positively  not  assure  a  factor 
of  safety  of  over  two,  regardless  of  any  delusions  to  the  con¬ 
trary.  The  laboratory  tests  on  mixture  of  1 :2 :4,  using  five 
standard  cements  and  washed  river  sand  and  gravel,  showed  an 
ultimate  of  1582  lb.  at  28  days,  and  with  lime  stone  1888  lb. 
on  8  in.  cylinders,  16  in.  high. 

It  has  been  suggested  that  concrete  buildings  be  allowed 
to  age  for  a  period  of  say  six  months,  so  that  higher  values  could 
be  used.  To  this  I  would  say  that  I  have  as  yet  to  know 
of  a  building  erected  for  commercial  purposes  that  did  not  have 
tenants  and  erectors  in  it  at  very  nearly  the  same  time,  unless 
the  owner  was  unable  to  secure  a  tenant,  and1  many  buildings  of 
this  type  have  portions  of  the  structure  overloaded  by  building 
material  during  erection,  despite  the  utmost  watchfulness. 

Most  buildings  are  unfit  for  habitation  or  storage  of  goods 
long  after  erection,  but  it  seemingly  is  the  .idea  however  that  the 
human  body  is  a  very  excellent  dry  kiln. 

We  are  all  in  too  great  a  hurry  in  building  operations,  the 
public  is  being  educated  up  to  spectacular  rush  construction, 
which  while  it  may  be  carried  on  in  some  materials,  certainly 
connot  be  done  in  the  use  of  concrete  without  entailing  grave 
dangers,  and  those  directing  such  work  are  in  duty  bound  to  do 
all  in  their  power  to  prevent  either  undue  speed  in  construction 
or  too  early  occupancy  of  such  structures. 

Let  us  be  honest  about  it.  If  it  is  absurd  for  us  to  have 
such  large  factors  of  safety,  discard  them,  but  why  assume  that 
the  poorly  manipulated  lean  cement  mixtures,  with  dirty  river 
gravel  and  sand,  dumped  into  shaky  forms  at  all  sorts  of  temp¬ 
eratures,  by  the  most  ignorant  and  careless  workmen,  shall  pro¬ 
duce  compressive  strength  far  in  excess  of  selected  materials 
and  skilled  manipulation  in  a  laboratory. 

Mr.  E.  N.  Hunting:  I  would  like  to  ask  Mr.  Godfrey 
whether  he  has  built  any  reinforced  concrete  buildings  columns 
designed  without  vertical  steel. 

The  Author  :  I  would  not  attempt  to  build  such  a  column 
at  all.  I  did  not  refer  to  any  such  column  in  my  paper.  What 
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I  consider  a  proper  reinforced  concrete  column  always  has 
vertical  steel  in  it.  1  wish  to  make  this  emphatic.  It  answers 
part  of  Mr.  Kindi’s  criticism.  I  never  proposed  a  hooped 
column  without  vertical  steel. 

Mr.  E.  N.  Hunting  :  I  understood  from  your  paper  that 
vertical  steel  in  your  opinion  was  weakening. 

The  Author  :  When  it  is  not  properly  held  in  by  bands. 

Mr.  J.  N.  Chester  :*  I  came  in  late  and  did  not  hear  all  of 
the  paper.  I  am  generally  in  favor  of  calling  a  spade  a  spade, 
and  in  substance,  this  paper  has  been  to  me  extremely  inter¬ 
esting.  I  was  still  more  pleased  with  the  discussion  of  Mr. 
Stotz  and  can  echo  a  hearty  amen  to  almost  everything  he  has 
said. 

The  man  with  a  patented  something  does  make  the  life  of  the 
engineer  and  architect  miserable.  If  we  get  a  commission  of  any 
kind  and  it  is  noted  in  the  technical  journals  as  it  usually  is, 
we  are  simply  swamped  with  those  individuals,  and  they  think 
us  crazy  if  we  do  not  agree  to  incorporate  in  our  plans  and 
specifications  their  patented  something. 

Then,  there  is  another  species  of  the  same  class  who  is  on 
hand  presumably  to  bid  on  our  plans  and  specifications  but  who 
always  tells  our  clients  how  much  cheaper  it  would  be  if  he  was 
allowed  to  make  the  plans  and  that  if  they  would  adopt  his 
plans  instead  of  their  engineer’s,  how  much  cheaper  the  struc¬ 
ture  could  be  built.  A  short  while  ago  I  met  a  representative 
of  a  patent  reinforcing  for  concrete,  who  was  returning  from  a 
letting  whereat  he  stated  that  if  his  plans  had  been  substituted 
for  those  of  the  engineer,  he  could  have  saved  the  concern  $6000 
on  a  $285  000  contract.  Joseph  Bentley  of  Bentley  Bros.,  Toledo, 
is  I  believe  the  author  of  the  epigram.  “Steel  is  the  cheapest 
thing  you  can  put  in  reinforced  concrete.”  My  own  opinion  is 
in  accord  with  Mr.  Bentley’s,  and  T  unhesitatingly  stated  to  this 
complaining  representative  that  I  would  have  turned  down  his 
proposition  just  as  the  other  fellow  did. 

We  invariably  find  in  the  end  that  claims  for  saving  are 
based  on  using  a  higher  tensile  strength  in  the  steel,  or  a  greater 

♦Consulting  Engineer,  Chester  &  Fleming,  Union  BanK  Bldg.,  Pttsburgh. 
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compressive  strength  in  the  concrete,  or  a  larger  divisor  in  the 
moment  formula,  all  to  save  a  few  dollars ;  and  they  think  reflect 
credit  on  their  ingenuity,  when  it  is  not  only  risking  property 
and  life,  but  the  engineer’s  reputation  which  means  the  same 
thing;  in  fact,  at  every  letting  we  have  had  in  the  last  year, 
the  price-reducing  man  had  been  on  the  ground  and  in  every 
instance  when  his  claims  are  analyzed,  he  is  simply  taking  it 
out  of  the  material  and  consequently  the  quality  of  the  work. 
He  has  never  bothered  us  so  far,  but  whenever  our  clients  take 
him  seriously  they  will  no  longer  be  our  clients. 

I  heartily  endorse  Mr.  Godfrey’s  statement,  that  it  is  well 
to  look  a  gift  horse  in  the  mouth,  and  when  a  man  with  some¬ 
thing  to  sell  comes  around  and  offers  to  draw  your  plans  and 
specifications  for  you  either  free  of  charge  or  at  a  price  much 
lower  than  that  for  which  regular  engineers  will  undertake 
the  work,  but  stipulates  in  his  offer  that  you  shall  use  the  ma¬ 
terial  which  he  has  to  sell  and  endeavors  to  show  you  how  much 
money  he  can  save  you,  you  can  depend  on  it  that  it  is  the 
old  game  of  getting  something  for  nothing  and  you  will  pay 
dear  for  it  in  the  end. 

By  the  above  we  do  not  mean  to  infer  that  in  the  employ 
of  manufacturing  concerns  there  are  not  good  engineers.  We 
have  served  about  half  of  our  professional  career  on  the  manu¬ 
facturer  ’s  side  and  we  do  know  that  there  is  a  bias  that  the  manu¬ 
facturers  ’  representative  cannot  eliminate  and  would  not  if  he 
could.  He  is  paid  to  believe  that  what  he  has  to  offer  is  superior 
to  anything  else  and  he  genuinely  believes  it.  He  would  not  be 
a  good  employee  if  he  did  not  and  for  this  reason  he  is  not 
competent  to  design  for  competitive  bids. 

Mr.  Hermann  Laub  :*  There  is  no  doubt  we  are  going  too 
fast  in  the  construction  of  reinforced  concrete  buildings,  which 
may  account  for  the  many  failures,  which  are  always  due  to  bad 
design,  poor  workmanship,  and  also  to  the  owner  himself.  En¬ 
gineers  are  frequently  confronted  with  a  new  design  or  con¬ 
struction  in  reinforced  concrete,  the  calculation  of  which  is  quite 
complicated.  Mr.  Godfrey  has  shown  us  a  so-called  reinforced 

*Consulting  Engineer,  Lewis  Bldg.,  Pittsburgh. 
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cantilever  beam.  In  so  far  as  the  middle  portion  of  this  beam 
is  rigidly  connected  by  steel  and  concrete  to  the  brackets,  it  can¬ 
not  act  as  a  cantilever  under  load,  but  must  produce  a  thrust 
towards  the  supports  as  in  an  arch.  The  designer  of  such  a 
beam  will  however  tell  us  that  actual  tests  will  verify  his  cal¬ 
culation.  These  tests  in  my  mind  are  usually  of  no  value,  except 
when  carried  out  with  the  greatest  care.  If  we  were  able  to 
figure  the  deflection  for  such  a  b.eam  for  a  certain  load  and 
verify  it  by  actual  tests  increase  the  load  again,  measure  the 
deflection  until  it  breaks,  and  if  these  deflections  agree  with  the 
calculated  ones,  then  we  could  feel  satisfied  that  our  calculations 
and  construction  would  be  all  right.  But  by  simply  loading 
such  a  beam  say  with  twice  the  assumed  live  load  and  measur¬ 
ing  the  deflection  does  not  mean  anything.  It  is  generally 
agreed  that  the  building  of  such  concrete  work  has  to  be  done 
with  more  care  and  more  rigid  inspection  than  any  other  class 
of  building  construction,  if  good  results  are  to  be  obtained. 

It  happens  quite  often,  that  after  an  architect  or  an  en¬ 
gineer  has  made  plans  for  a  building,  an  engineer  from  a  rein¬ 
forced  concrete  agency  gets  hold  of  the  plans  and  specifications 
and  convinces  the  owner  in  a  short  time  that  he  will  put  up 
something  better  for  much  less  money.  I  have  made  a  number 
of  comparative  estimates  of  buildings  of  brick  and  iron  and  of 
reinforced  concrete  and  have  always  found  that  the  cost  of  both 
constructions  is  about  alike.  So  if  this  concrete  construction  is 
to  be  made  much  cheaper  it  can  be  done  only  by  straining  the 
steel  and  concrete  very  high,  which  means  to  reduce  the  safety 
of  the  whole  construction,  and  the  owner  is  to  be  blamed. 

I  believe  the  laws  and  rules  for  calculation  of  reinforced 
concrete  construction  ought  to  be  laid  down  by  one  of  the  lead¬ 
ing  Engineering  Societies.  Designs  of  such  reinforced  concrete 
shapes  which  are  too  complex  ought  to  be  eliminated  and  not 
admitted  until  tested  and  verified  by  a  great  number  of  actual 
scientific  tests. 

The  Author:  It  is  significant  to  note  that  no  arguments 
have  been  presented  that  refute  a  single  charge  against  the  com¬ 
mon  practices  of  reinforced  concrete  designers,  which  the  paper 
blames  for  so  much  poor  and  dangerous  construction.  It  is  true 
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that  Mr.  Perrot  said  that  low  units  and  not  prohibition  of  the 
use  of  the  rodded  concrete  shaft  would  solve  the  problem  of 
safety.  This  is  completely  answered  by  the  seasoned  concrete 
column  which  failed  under  200  lb.  per  sq.  in.  of  load.  If  these 
various  features  of  construction  are  safe,  it  ought  to  be  possible 
for  their  advocates  to  defend  them,  if  they  are  indefensible,  why 
are  they  used?  This  is  a  question  that  I  have  been  asking  for 
years,  but  have  failed  to  elicit  any  logical  reply. 

A  paper  by  the  speaker  was  read  before  the  American  So¬ 
ciety  of  Civil  Engineers  in  1910  which  presented  sixteen  indict¬ 
ments  against  common  practice  in  reinforced  concrete  design. 
Though  the  practices  continue,  a  logical  defense  of  any  of  them 
has  not  yet  been  presented.  I  am  informed  that  at  least  one 
engineer  refrained  from  discussing  this  evening’s  paper  because 
he  does  not  agree  with  its  author.  Is  this  the  way  the  engineer¬ 
ing  profession  is  to  be  elevated  in  the  eyes  of  the  public?  Is 
this  the  way  questions  should  be  dealt  with  that  may  mean  life 
or  death  to  hundreds,  or  perhaps  thousands  of  men  and  women 
and  children? 


PRACTICAL 


COAL  SMOKE  AND  ITS 

ABATEMENT 


Bv  J.  M.  Searle* 


The  members  of  this  Society  being  highly  scientific,  as  well 
as  practical,  will,  no  doubt,  prefer  to  discuss  ways  and  means 
of  economic  and  practical  abatement  of  smoke  in  this  Metro¬ 
politan  district,  rather  than  general  effects;  yet  there  are  so 
many  angles  of  approach  and  so  many  phases  to  the  subject,  that 
no  single  paper  can  deal  with  any  one  in  great  detail.  If,  how- 
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ever,  enough  attention  is  given  to  the  more  important  problems 
of  securing  practically  complete  combustion  and  scientific  fuel 
conservation  to  produce  earnest  duscussion  of  these  important 

t  . 

Questions,  we  may  consider  this  evening  well  spent. 

The  points  to  which  we  wish  to  direct  attention  to-night  are : 

First :  A  smokeless  stack  does  not  always  denote  high  furnace 
efficiency,  but  when  it  does  not,  the  fault  always  lies  with  the  manage- 
ment. 

Second’.  The  making  of  smoke  means  direct  waste  of  money  to 
the  manufacturer. 

Third :  Public  health  and  convenence  both  are  martyrs  to  the 
smoke  evil  in  our  cities. 

Fourth  :  There  are  far  too  many  unavoidable  losses  in  the  pro¬ 
cess  of  combustion  without  submitting  to  an  easily  avoidable  loss. 

Fifth :  The  difficulties  in  burning  bituminous  coal  smokelessly, 
and  how  some  of  these  may  be  eliminated. 

Sixth :  How  to  attain  the  best  economy  and  at  the  same  time 
produce  a  smokeless  stack. 

Seventh  :  The  steam  jet  in  any  form,  as  a  smoke  abater,  should 
not  be  used. 

Eighth :  Owners  should  commence  at  the  boilers,  and  not  at  the 
engines,  to  improve  their  .plants.  i 

Ninth:  The  locomotive,  underfeed  stoker,  the  gas  producer  power 
plant,  and  powdered  coal,  are  growing  factors  as  ninoke  abaters. 

Presented  at  the  regular  monthly  meeting  of  the  Society,  June  18th  and 
published  in  the  July,  1912,  Proceedings. 

*Chief  Smoke  Inspector.  City  of  Pittsburgh. 
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Tenth :  Engineers  should  not  permit  the  construction  of  any 

more  smoky  metallurgical  furnaces. 

Eleventh :  Hand  firing  is  extravagant  and  necessarily  smoky, 

and  should  not  be  considered. 

Twelfth'.  Sufficient  areas  through  and  proper  arrangement  of 
combustion  chambers  are  among  the  prime  factors  in  smoke  abatement. 

Thrteenth :  Colored  smoke  can  be,  and  is  burned ;  therefore  the 
phrase  “smoke  consumer”  is  not  a  misnomer. 

Fourteenth:  Smoke  makers,  for  their  own  protection,  should 

be  compiled  to  so  arrange  their  plants  as  to  render  their  stacks  prae- 
'•  tically  smokeless. 

Fifteenth :  Much  smoke  does  not  indicate  prosperity  for  our 

cities. 

Sixteenth :  There  is  nothing  mysterous  about  securing  high  furn¬ 
ace  efficiency  and  smokeless  stacks. 

Smokeless  and  complete  combustion  are  practically  svnon}'- 
mous  terms,  as  the  former  cannot  exist  in  absence  of  the  latter. 
This  statement,  however,  must  not  be  confounded  or  confused 
with  high  furnace  efficiency,  for  as  will  be  shown  later,  an  abso¬ 
lutely  smokeless  stack  can,  and  does,  sometimes  serve  a  furnace, 
the  anaylsis  of  whose  products  of  combustion  indicate  most 
strikingly  extravagant  fuel  consumption. 

It  is  now  ninety-two  years  since  the  first  commission  was 
appointed  in  London  to  inquire  into  methods  for  abating  smoke, 
and  from  that  date  the  people  in  every  country  where  bitu¬ 
minous  coal  is  the  prevailing  fuel  have  been  clamoring  for  the 
abatement  of  smoke.  Must  we  now,  after  nearly  a  century  of 
investigation,  and  proof  that  darkly-colored  smoke  from  bitumi¬ 
nous  coal  is  not  only  a  nuisance  but  a  great  waste  of  good  fuel 
as  well,  still  go  on  without  applying  any  remedy  for  such  whole¬ 
sale  waste  of  money  by  a  medium  that  daily  creates,  either  di¬ 
rectly  or  indirectly,  more  filth  and  disease  in  our  manufacturing 
districts  than  is  chargeable  to  all  other  nuisances  combined? 

After  some  thirty  years,  largely  devoted  to  the  study  and 
practice  of  steam  engineering  as  plant  engineer,  and  especially 
for  the  last  fifteen  years  to  the  problem  of  economic  fuel  con¬ 
sumption,  I  have  no  hesitancy  in  saying  “no”;  and  also,  in 
every  instance  I  shall  prove  that  smoke  is  not  only  a  wasteful, 
but  a  preventable  thing,  and  that  the  enforcement  of  proper 
laws  for  the  regulation  of  smoke  in  our  cities  is  not  only  highly 
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•desirable  to  the  community  (because  it  is  now  generally  recog¬ 
nized  that  those  who  live  in  a  smoke-laden  atmosphere  are  es¬ 
pecially  liable  to  diseases  of  the  respiratory  system)  but  because 
smoke,  as  will  be  shown  later,  means  direct  waste  of  fuel  to  the 
manufacturer,  and  its  emission  into  the  atmosphere  of  our  cities 
means  additional  waste  to  the  community,  therefore,  private  as 
well  as  public  interests,  and  public  health  and  convenience  all 
suffer  and  all  should  work  together  for  its  speedy  abatement. 

I  will  touch  upon  the  effect  of  smoke  upon  the  public  healtn 
but  briefly,  as  I  prefer  to  leave  this  very  important  phase  of  the 
problem  for  the  medical  fraternity  to  grapple  with.  One  phase 
of  this  question  of  the  effect  of  smoke  upon  the  health  of  the 
community  relates  to  the  deposits  of  soot  from  bituminous  coal. 
All  deposits  of  soot  contain  sulphur  in  the  form  of  sulphur  di¬ 
oxide.  This,  coming  in  contact  with  moisture  immediately  forms 
oither  sulphurous  or  sulphuric  acid,  both  of  which  are  corrosive 
poisons,  which  fact  accounts,  to  a  great  extent,  for  the  tickling 
in  the  throat  and  the  annoying  cough  which  many  experience 
during  the  winter  months,  and  more  especially  during  damp, 
foggy  days  when  the  air  is  always  heavily  charged  with  sul¬ 
phurous  gases. 

The  many  records  of  reliable  committees  in  various  cities 
of  our  country"  all  show  more  or  less  conclusively  that  the  an¬ 
nual  cost  to  the  general  public  is  at  present  rather  appalling, 
because  of  this  constant  veil  of  smoke.  The  unavoidable  losses, 
however,  even  in  our  best  boiler  plants,  are  great  enough  with¬ 
out  taking  on  one  from  which  we  get  absolutely  nothing  of  value 
in  return.  Then,  too,  there  are  apparent  losses  in  the  combustion 
of  coal  which  are  not  actual  losses.  As  an  example,  the  heat 
energy  passing  up  the  stack  is  not  entirely  lost  for  it  has  raised 
the  temperature  in  the  stack,  expanded  the  gases,  reduced  their 
weight  per  unit  of  volume,  and  created  a  difference  in  pressure 
between  the  firebox  and  the  stack,  causing  a  more  rapid  move¬ 
ment  of  the  air  through  the  fire  than  if  these  stack  gases  were 
at  a  lower  temperature.  This  excess  stack  temperature  must  be 
regarded  as  the  price  we  pay  for  our  furnace  draught. 

It  does  not  follow,  however,  that  the  waste  gases  may  pass 
into  the  stack  at  an  excessively  high  temperature  just  for  the 
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purpose  of  creating,  extreme  pressure  under  the  grates,  as  good 
practice,  when  boilers  are  working  at,  or  slightly  in  excess  of, 
builder  's  rating,  indicates  a  temperature  of  the  escaping  gases 
at  the  breeching .  about  200  deg.  fahr.  .in  excess  of  the  steam 
temperature  in  the  boiler,  presuming,  of  course,  that  there  are 
no  absorbing  surfaces  between  boilers  and  breeching.  While, 
in  boiler  practice,  about  25  percent  of  the  heat  energy  of  coal 
is  known  to  escape  with  the  waste  gases  when  economizers  are 
not  used,  much  care  must  be  exercised  in  the  introduction  of  any 
large  .  absorbing  surfaces  between  the  boilers,  and  breeching, 
otherwise  the.  temperature  of  the  escaping  gases  may  be  so 
reduced  as  to  seriously  affect  the  draught,  and  interfere  with 
combustion  to  such  an  extent  as  to  more  than  offset  any  saving 
made  by  utilizing  the  fuel  gases  to  heat  the  feed-water. 

One  of  the  difficulties  in  burning  bituminous  coal  smoke 
lessly  with  high  furnace  efficiency,  lies  in  the  fact  that  it  burns 
partly  as  a  solid  and  partly  as  a  gas,  and  that  the  gas  must  be 
burned  in  a  time  much  shorter  than  is  required  to  burn  the 
solids.  Here  we  encounter  the  first  problem  in  the  economical 
combustion  of  bituminous  coal,  for  we  must  produce  the  desired 
percentage  of  carbon  dioxide,  C02,  in  our  products  of  combus¬ 
tion  in  both  instances  or  submit  to  a  very  indifferent  and  waste¬ 
ful  furnace  operation.  Fortunately  for  the  fuel  users,  and  also 
for  the  smoke  inspectors,  instruments  of  precision  for  the  boiler 
room  are  now  becoming  better  understood  and  more  reliable, 
and  we  can  now  as  easily  regulate  the  exact,  condition  of  our 
furnace  and  the  percentage  of  C02  in  our  products  of  combus¬ 
tion  as  we  can  regulate  the  steam  pressure  on  our  boiler. 

We  cannot  attain  the  best  economy  in  our  furnaces,  how¬ 
ever,  whether  these  are  used  for  generating  steam  or  for  metal¬ 
lurgical  purposes,  unless  we  have  recourse  to  some  reliable  form 
of  automatic  recording  instrument-  or  some  good  hand-sampling 
device  or  apparatus,  for  we  must  know  at  least  the  approximate 
composition  of  our  products  of  combustion  pretty  constantly,  if 
we  are  to  even  approach  the  ideal  in  fuel  economy.  Rule-of- 
thumb  or  guess  work  in  the  boiler  room  will  not  do  today. 

The  amount  of  fuel  consumed  in  a  unit  of  tune,  and  the 
percentage  of  C02  contained  in  the  products  of  combustion  dur- 
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ing  the  same  unit  of  time,  determine  Mie  efficiency  of  t lie  furnace. 
These  factors  depend  upon  draught,  temperature  of  combustion 
chamber,  and  thorough  mixture  of  the  proper  volume  of  inflow¬ 
ing  air  with  the  combustible  gases  evolved. 

It  mav  be  of  interest  to  note  that  the  average  of  one  hun- 
dred  analyses  made  during  the  vear  1910  have  shown  that  42.3 
percent  of  the  total  heat  developed  by  average  Pittsburgh  coal 
is  contained  in  the  volatile  combustibles,  and  that,  for  the  com¬ 
bustion  of  this  volatile  hydro-carbon  content;  a  fixed  portion 
of  the  total  air  supply  is  required  over  the  fire.  With  this  ap¬ 
proximately  fixed  and  irremovable  as  it  is,  we  often  wonder  why 
the  plant  manager,  the  stoker  manufacturer  or  the  engineer 
does  not  make  some  attempt,  other  than  the  application  of  the 
steam  jet,  at  least  to  secure  an  over-fire  air  supply  in  his  boiler 
practice.  In  the  judgment  of  the  writer  the  steam  jet  is  not 
a  fuel  economizer  when  applied-  under  a  boiler  or  in  a  metal¬ 
lurgical  furnace.  We  are  not  operating  a  gas  producer,  as  such 
devices  are  commercially  known,  and  therefore,  do  not  wish  to 
produce  in  the  last  anaylsis  only  (  O  gas,  but  in  our  boiler  and 
metallurgical  furnace  practice  we  are  endeavoring  to  determine 
and  produce  the  most  economical  percent  of  C02.  We  should 
also  avoid  the  use  of  the  steam  jet  because  of  the  heat  absorbed 
bv  the  introduction  of  steam  over  the  fire  bv  this  most  unsatis- 

%f 

factory  and  wasteful  method  or  attempt  at  smoke  abatement. 
The  heat  absorbed  by  the  reduction  of  one  pound  of  steam  to  //, 
is  much  greater  in  amount  than  the  heat  generated  by  the  union 
of  the  Or  thus  set  free  with  C;  forming 'either  CO  or  C02  gas, 
hence,  practically  the  only  effect  of  steam  .  when  projected  upon 
a  bed  of  incandescent  fuel  in  a  furnace,  is  that  of  chilling  the 
fuel  and  lowering  the  furnace  temperature,  rather  than  raising 
it;.  “George  H.  Harms” — “J.  C.  Hoadley’ ’ — “C.  Wye  Wil¬ 
liams'’. 

Another  thing  seemingly  irreconcilable  with  good  plant 
management  is  the  tendency  to  commence  at  the  engine  and 
build  down,  instead  of  improving  from  the  boilers,  up.  As  an 
instance  of  this  tendency,  mv  attention  was  recently  called  to  a 
very  fine  tandem  compound,  condensing  engine  that  had  re¬ 
placed  a  single  cylinder,  non -con  den  sing  engine.  The  manager 


464  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

was  very  proud  of  his  new  engine  and  informed  me  that  ths;y 
had  increased  their  output  15  percent  with  it  and  now  had  ail 
the  steam  and  all  the  power  they  could  use.  Looking  over  th& 
plant,  we  finally  reached  the  boilers,  where  his  firemen  seemed 
to  be  doing  their  best  to  burn  up  all  the  coal  in  sight.  1  in¬ 
quired  how  much  less  coal  they  were  now  using  than  with  the 
old  slide  valve  engine  and  was  informed  that  the  coal  bill  was 
about  the  same  but  that  the  engine  would  do  the  work  with  less 
steam  than  the  old  one  and  that  they  were  now  never  short  of 
steam  and  had  increased  their  output.  Upon  asking  why  new 
boilers  were  not  also  installed,  I  was  informed  that  those  boilers 
were  still  good  for  several  years’  service.  They  were  two-flue, 
nand-fired  boilers,  set  26  in.  from  the  grates,  and  were  equipped 
with  stacks  36  in.  diameter  by  55  ft.  high.  The  furnace  gases 
were  undoubtedly  passing  to  the  stacks  after  producing  less  than 
half  the  calorific  capacity  of  the  fuel. 

Engineers  of  experience  will,  no  doubt,  agree  that  such  a 
boiler  setting  and  equipment  are  without  merit  when  compared 
with  a  tandem,  compound  condensing  engine,  and  that  properly 
designed  and  equipped  boilers  would  have  given  another  sub¬ 
stantial  boost  to  the  dividends  of  the  concern  in  question.  This- 
is  by  no  means  an  isolated  instance  of  building  up  a  power 
plant  from  the  top,  down. 

We  are  not  discouraged,  in  Pittsburgh,  however,  by  instan¬ 
ces  of  this  kind,  for  signs  are  fast  multiplying  in  the  city  smoke 
inspector’s  office  which  indicate  great  progress  toward  the  at¬ 
tainment  of  more  nearly  complete  combustion  and  accompany¬ 
ing  plant  economy,  together  with  clean  stacks  at  many  of  our 
industrial  plants. 

Many  may  not  know  that  the  locomotives  of  the  Pennsyl¬ 
vania  Kailroad  Company’s  various  lines  are  now  being  slowly, 
but  surely,  equipped  with  an  underfeed  stoker  which  is  not  only 
meeting  with  success  as  a  fuel  and  labor  economizer,  but  which 
is  practically  smokeless  as  well,  in  regular  service. 

Besides  the  mechanical  stoker  for  locomotive  and  stationary 
purposes,  the  gas  producer  will  become  a  factor  of  no  mean 
proportions  in  the  conservation  of  fuel  and  abatement  of  smoke, 
because  of  its  ability  to  successfully  use  inferior  grades  of  coal,. 
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and  because  the  combustion  engine  and  the  gas  producer  have 
both  reached  a  very  high  stage  of  efficiency,  as  well  in  design 
and  construction  as  in  the  consumption  of  fuel.  Bulletin  Xo. 
416,  issued  by  the  U.  S.  Geological  Survey  and  distributed  free 
by  the  Bureau  of  Mines,  Washington,  I).  C.,  contains  much  val¬ 
uable  data  in  respect  to  the  relative  fuel  cost  of  the  gas  pro¬ 
ducer  power  plant  and  should  be  in  the  library  of  every  en¬ 
gineer  and  manufacturer.  Then,  too.  the  plants  supplied  with 
powdered  coal  as  fuel  will  also  be  more  largely  in  evidence,  for 
our  manufacturers  are  now  awakening  to  the  fact  that  coal  is 
money.  Fuel  in  the  powdered  form,  is  just  now  beginning  to 
take  its  place  as  an  additional  economist  in  our  manufacturing 
plants,  not,  however,  to  the  elimination  or  even  to  the  injury 
of  the  many  excellent  mechanical  stokers  now  on  the  market, 
for  these  machines  have  many  places  among  our  industries  for 
which,  in  their  various  forms,  they  are  specially  adapted. 

At  Lebanon,  Pa.,  the  American  Iron  &  Steel  Manufacturing 
Company,  where  I  have  twice  visited  within  the  last  two  years, 
is  now  using  300  tons  of  powdered  coal  daily  as  fuel.  All  metal¬ 
lurgical  furnaces,  as  well  as  all  boiler  furnaces,  except  three,  in 
this  plant  are  now  supplied  with  this  fuel.  The  metallurgical 
furnaces  consist  of  a  number  of  puddling,  billet  heating,  weld¬ 
ing  furnaces  and  several  smaller  furnaces  for  heating  rods, 
rivets,  etc.  The  boilers  are  mostly  steamed  by  the  escaping 
gases  from  the  puddling  and  billet-heating  furnaces.  These 
works  are  rather  large,  as  is  indicated  by  the  daily  consumption 
of  fuel,  and  the  same  company  has  a  plant  at  Reading  which 
uses  60  tons  of  powdered  coal  as  fuel  daily.  All  told,  these 
works  employ  4000  men.  It  is  now  more  than  nine  years  since 
powdered  coal  was  first  introduced  in  one  furnace  at  Lebanon 
as  an  experiment,  and  about  three  years  since  practically  their 
entire  plant  of  about  85  furnaces  has  ceased  using  all  other 
fuels. 

Economy,  and  not  smokelessness,  was  the  consideration 
when  changing  these  plants  over  to  powdered  coal,  although  the 
stacks  are  smokeless.  I  had  heard  something  about  a  white, 
flaky  ash  floating  through  the  atmosphere  and  settling,  to  the 
annoyance  of  the  neighborhood  surrounding  these  plants,  but 
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upon  my  two  visits  I  failed  to  find  any  of  the  ash.  As  a  matter 
of  fact,  there  is  none  of  it  floating  in  the  air,  because  all  inert 
non-combustible  m'atter  that  is  blown  into  these  furnaces  with 
the  fuel  is  taken  out  as  slag;  none  of  it  seems  to  be  in  evidence 
anywhere  else.  '  M ' 

While  we  have  not  risen  to  the  dignity  of  powdered  coal  in 
Pittsburgh,  we  are  getting  very  excellent  results  from  many 
mechanical  stokers  in  our  best  practice,  and  the  time  has  arrived 
when  stoker  engineers,  and  others,  should  grapple  with  the 
proposition  of  smokeless  combustion  for  our  metallurgical  furn¬ 
aces.  No  engineer  can  watch  the  puddlers  worK  down  a  heat, 
without  smoke,  at  the  plant  in  Lebanon,  or  note  the  smokeless 
and  economical  results  now*  attained  at  machine-fired  metallurg¬ 
ical  furnaces  in  Pittsburgh,  without  saying  that  smoke  from  a 
heating  furnace,  of  smoke  from  a  puddling  furnace,  or  smoke 
from  an v  other  style  of  furnace,  is  wholly  unnecessary. 

The  bugaboo  or  loss  from  •  extra  oxidization  of  product 
when  firing  by  machine  has  proven  a  myth  at  both  Lebanon, 
Reading,  and  also  in  this  city.  The  president  of  the  American 
Iron  &  Steel  Manufacturing  Company  informed  me  that  liis 
gains  in  economy  were  such  as  to  preclude  the  thought,  much 
less  the  probability  of  ever  discarding  powdered  coal.  I  have 
been  asked  recently  if  the  Lebanon  plant  could  be  considered  a 
sufficient  guarantee  to  the  Pittsburgh  manufacturer  with  smoky 
stacks,  to  change  his  fuel  to  powdered  coal,  even  though  at 
Lebanon  they  say  it  saves  them  40  percent.  I  can  only  answer 
this  by  asking  the  question :  Is  a  saving  of  40  perecnt  of  the 
fuel  and  labor  cost  at  your  furnaces  sufficient  to  warrant  a 
change  to  one'  of  the  best  modern'  practices ?  If  there  is  doubt 
about  40  percent,  is  not  20  percent  attractive? 

It  has  been  suggested  that  the  danger  from  disastrous  coal- 
dust  explosions,  when  constantly  carrying  a  sufficient  supply  of 
coal  in  the  powdered  form  for  the  operation  of  our  large  plants, 
would  be  serious.  Powdered  coal  will  not  explode,  except  when 
in  suspension  in  the  atmosphere,  as  is'  the  case  when  coal-dust 
explosions  occur  in  under-ground  workings  at  the  mines.  As 
it  is  prepared  and  used  in  the  works  of  the  American  Iron  & 
Steel  Manufacturing  Company,  it  is  not  in  suspension  until  it 


SEARLfc - COAL  SMOKE  AND  ITS  PRACTICAL  ABATEMENT 


467 


reaches  the  lip  of  the  nozzle  just  inside  the  furnace.  During 
the  ten  years  powdered  coal  has  been  in  use  at  Lebanon  and 
Reading,  there  have  been  no  explosions  at  either  plant,  although 
by  carelessness  of  the  operatives  it  is  occasionally  permitted  to 
burn  back  into  the  hopper  when  a  furnace  is  shut  down.  When 
we  consider  that  3fi0  tons  of  powdered  coal  is  now  being  consum-' 
ed  every  24  hours  at  these  two  plants,  that  they  have  been  using 
some  powdered  coal' as  fuel* for  the  past  ten  years,  that  they 
have  used  it  almost  exclusively  for  the  past  three  years,  and 
have  never  had  an  explosion,  it  seems  to  tne  we'  must  conclude 
that  no  additional  element  of  danger  to  life  arid  property ’is: 
introduced  by  the  proper  preparation  and'  use  of  powdered 
coal  as  a  fuel. 

But  we  need  not  visit  the  Lebanon  plant,  nor  do  we  neces¬ 
sarily  have'  to  install  plants  for  the  preparation  and  use  of 
nowdered  coal  in  this  city  as  the  last-  word  in  Smokeless  coni- 
bustion,  for  we  now  have  in  one  plant  in  Pittsburgh  Seven  large 
billet-heating  and  welding  furnaces  that  have  been  in  constant 
service,  the  first  for  more  than  ten,  and  the  entire  seven  for 
more  than  five  years.  These  furnaces  are  at  the  works  of  the 
Oil  Well  Supply  Company,  21st  St.  and  Railway  Ave..  and  ar 
using  Pittsburgh  slack  as  fuel,  when  this  can  be  had;  af  other 
times,  Pittsburgh  run  of  mine.  The  last  six  of  these  furnaces 
were  equipped  with  mechanical  stokers  only  after  machine-firing 
had  proven  its  value  by  raising  the  daily  output  of  the  first  furn¬ 
aces  so  equipped  more  than  100  percent.  Then,  too,  the  Jones 
&  LaUghlin  Steel  Company,  the  Garrison  Foundry  Company, 
the  Carnegie  Steel  Company.  1  he  Pittsburgh ’Malleable  Iron  Com¬ 
pany,  and’  others,  have  stoker-fired  metallurgical  furnaces  in 
regular  service,  the  stacks  of  which  are  practically  smokeless; 
and  yet  the  majority  of  the  power  in  our  country  is  still  gen¬ 
erated  at  plants  that  are  not  classed  as  modern  fuel  economizers, 
and  far  too  many  of  them  are  still  hand-fired.  The  following 
facts  should  always  be  clearly  in  mind  when  the  cost  of  fuel  is 
up  for  consideration,  or  when  a  new  furnace  installation  is  being 
considered : 

When  firing  bv  hand,  there  is  the  oft-opened  fire-door  and 
inrush  of  great  volumes  of  cold  air,  at  the  time  of  adding  fresh 
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coal  and  thickening  up  the  fire.  After  closing  the  fire-door, 
less  air  can  find  its  way  through  the  grates  into  the  fire  because 
of  the  increased  thickness  of  the  fuel  on  the  grates,  more  air  is 
just  now  needed,  however,  over  the  fire,  as  the  volatile  combust¬ 
ibles  are  beginning  to  distill  and  flow  away  through  the  com¬ 
bustion  chamber  in  search  of  the  necessary  oxygen  with  which 
to  combine  and  produce  that  ever-elusive  and  most  desirable 
C02,  and  while  these  combustible  hvdro-carbon  gases  just  now 
require  their  maximum  amount  of  oxygen,  the  automatic,  over¬ 
fire  air  supply  has  been,  in  most  instances,  wholly  ignored  :  the 
fire  is,  at  this  moment,  abnormally  thick  on  the  grates,  and  the 
grates  are  also  now  becoming  somewhat  clogged  with  ashes. 
'T'here  is,  therefore,  nothing  for  it,  at  this  period  in  our  hand- 
liring  operation,  but  the  formation  of  an  increasing  percentage 
of  CO  gas,  with  its  accompanying  volume  of  dense,  disagreeable 
and  poisonous  smoke,  instead  of  C02,  the  latter  always  produc¬ 
ing  a  smokeless  stack,  the  gases  emitted  being  harmless  to  vegeta¬ 
tion  and  human  life,  and  the  fuel,  when  burned  to  C02,  liber¬ 
ating  over  10  000  more  heat  units  per  pound  of  combustible 
than  when  burned  to  CO. 

At  the  government  fuel  testing  plant  at  the  Louisiana  Pur¬ 
chase  Exposition,  it  was  shown  that  in  48  tests,  as  the  CO  in 
the  flue  gas  increased  from  0.03  to  0.07  percent,  the  efficiency 
of  the  furnace  dropped  eight  percent,  or  two  percent  for  every 
0.01  percent  increase  of  CO.  The  loss  of  efficiency  which  en¬ 
sues  from  the  escape  of  CO  unconverted  into  C02  is,  of  course, 
due  to  the  much  smaller  amount  of  heat  given  out  upon  the 
incomplete  combustion  of  carbon  into  CO  gas,  rather  than  from 
the  carbon  in  the  smoke  which  is  always  present  under  such 
condition.  For  instance,  0  +  20  =  C02  and  produces  a  tem¬ 
perature  of  combustion  equal  to  4892  deg.  fahr.,  while  C  +  O  = 
CO,  and)  only  produces  a  temperature  of  2639  deg.  fahr. ;  and 
while  a  pound  of  carbon  burned  to  C02  generates  14  650  B.  t.  u., 
the  same  quantity  burned  to  CO  gives  out  only  4  400  B.  t.  u., 
and,  for  every  pound  or  carbon  which  passes  off  in  the  form  of' 
CO  gas,  there  is,  therefore,  a  loss  of  14  650  —  4  400  =  10  150 
B.  t.  u.  or  69.28  percent.  This  loss  refers,  of  course,  to  the 
carbon  only  that  is  in  the  fuel,  and  would  perhaps  be  reduced 
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to  25  percent  if  referred  to  the  average  fuel  as  received  from 
the  mines.  There  are  engineers,  however,  who  maintain  that 
high  furance  efficiency  and  high  CO  gas  in  the  products  of  com¬ 
bustion  can  exist  at  one  and  the  same  time.  Very  exhaustive 
United  States  Government  tests,  covering  a  period  of  something 
more  than  four  years,  and  dealing  with  all  of  our  coals  from 
anthracite  down  to  brown  lignite,  fail  to  make  this  latter  dis¬ 
covery,  on  the  contrary,  however,  on  page  216  in  their  report 
on  these  tests,  they  say,  “The  higher  the  C02  percentage,  the 
higher  the  temperature”;  and  on  page  217  “the  most  economic 
proportion  of  CO.z  in  the  furnace  gases  is  from  10  to  15  per¬ 
cent”.  It  should  be  remembered  that  the  tests  made  during 
these  four  years,  to  which  I  refer,  were  in  the  hands  of  a  govern¬ 
ment  bureau,  supplied  with  every  necessary  apparatus  and  de¬ 
vice,  and  that  reliable  data,  rather  than  economy  in  the  use  of 
time  and  money,  was  the  prime  consideration  when  making 
them. 

By  the  hand-firing  process  a  spasmodic,  but  all  too  frequent, 
loss  of  heat  energy  has  been  sustained,  and  it  has  helped  to  fill 
the  air  of  the  city  with  the  blackest  of  smoke.  The  demand  for 
oxygen  in  the  furnace  a  little  time  after  firing  rapidly  decreases, 
but  not  so  with  the  supply  as  the  average  fireman  has  barred 
and  thoroughly  loosened  up  the  fires  and  is  now  getting  more 
and  more  air  through  the  grates  because  the  fire  is  burning  and 
thinning  down.  This  excess  air  now  serves  no  other  purpose 
than  that  of  cooling  down  the  escaping  gases  and  robbing  the 
absorbing  surfaces,  whether  these  be  boilers  or  billets,  of  much 
of  the  heat  energy  that  would  be  given  to  them  if  the  furnaces 
were  constructed  and  equipped  for  the  purpose  of  producing, 
and  did  produce,  the  most  economical  percentage  of  (70.,.  with 
the  smallest  practicable  percent  of  surplus  air.  No  doubt,  all 
agree  that  this  operation,  although  the  only  thing  we  can  get 
from  hand-firing  practice,  is  the  exact  reverse  of  that  which 
should  exist,  and  the  exact  reverse  of  that  which  does  exist 
when  machine  firing,  with  its  exactly  measured  and  regular 
fuel  and  air  supply  is  the  rule.  The  fireman  who  fires  lightly 
and  carries  his  fire  most  evenly  and  properly  on  a  hand-fired 
grate  is  also  the  one  who,  while  doing  his  best,  is  most  annoyed 
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by  excessive  volumes  of  surplus  air  entering  through  his  firing 
doors,  although  the  city  smoke  inspectors  will  rarely,  if  ever, 
have  occasion  to  complain  of  him.  i 

As  stated  near  the  beginning  of  this  paper,  the  air  admitted 
over  the  fire  bears  a  certain  relation  to  the  air  that  is  admitted 
to  the  fire  through  the  grates.  The  proper  area,  and  the  proper 
arrangement  of  fire  brick  in  the  combustion  chamber  is  also  a 
matter  of  great  •  importance,  if  high  furnace  efficiency  is  to 
result.  In  boiler  practice  the.  average  time  the  gases  are  in  the - 
combustion  chamber  is  less  than  one  second.  If  will  be  seen, 
therefore,  that  the  necessary  over-fire  air  for  combustion  of  the 
hydro  carbons  must  be  quickly  raised  to  the  temperature  of 
ignition  and,  to  render  complete  combustion  of  the  hydro  car¬ 
bons  possible,  a  thorough  mixture  of  the  over-fired  air  and 
gases  must  also  result  in  this ’Short  period  of  time.  Then,  too, 
the  escaping  products  of  the  furnace,  when  in  contact  with  the 
absorbing  surfaces  of  the  boiler,  are  quickly  reduced  to  a  tem¬ 
perature  below,  the  point  of  ignition.  Under  these  conditions, 
a  volume  of  dark  smoke  begins  to  issue  from  the  stack,  indicating 
low  temperature  and  reduced  efficiency  of  furnace,  hence  the 
prime  necessity  of  the  intensely  hot  combustion  chamber,  which 
should  be  so  constructed  as  to  guide  the  products  of  the  furnace 
clear  of  actual  contact  with  the  absorbing  surfaces  of  the  boiler 
for  as  great  a  distance  as  possible.  •  ’ 

i-  In  most  instances  in  boiler  practice,  no  matter  how  good 
the  mechanical  stoker  or  how  careful  the-  hand-firing  may  be, 
much  CO  gas  will  pass  over  the  bridge  wall  into  the  combustion 
chamber  and,  if  we  have  not  arranged  the  combustion  chamber 
for  the  storage  of  heat  in  the  natural  .path  of  the  escaping  gases, 
so  as  to  assist  combustion  to  carbon  dioxide,  CO*,,  such  cannot 
take  place ;  but,  if  we  have  utilized  the  regenerative  principal  in 
the  combustion  chamber  to  as  great  an  extent  as  is  practicable, 
under  a  steam  boiler,  we  are,  then,  always  .sure  to  find  a  more 
satisfactory  percentage  of  C02  gas  in  our  escaping  products  at 
the  breeching,  all  other  conditions,  of  course,  being  equal.  This 
fact  has  been  proved  time  and  again  by  making  analyses  of 
several  samples  of  the  products  of  the  furnace,  at  the  breeching, 
both  before  and  after  the  combustion  chamber  had  been  ar- 
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ranged  to  utilize,  as  far  as  practicable,  t he  principal  of  the  re¬ 
generative  furnace.  It  must  be  borne  in  mind,  of  course,  that 
such  checker-work  in  the  combustion  chamber  of  a  steam  boiler 
as  is  ordinarily  used  in  the  regenerative  furnace  for  metallurg¬ 
ical  purposes  is  not  practicable,  the  nearest  possible  approach  to 
it  in  boiler  practice  is  the  large  brick  arch  back  of  the  bridge- 
wall,  under  which  several  dividing  walls  may  be  so  arranged  as 
to  serve  the  double  purpose  of,  further  mixing  the  gases  that 
have  passed  over  the  bridge  wall  and  also  of  retaining  the  high 
temperature  necessary  for  complete  combustion  until  these  gases 
finally  reach  the  absorbing  surfaces  of  the  boiler. 

The  machine-fired  furnace  possesses  the  advantage  over  the 
band-fired  grate  that  it  may  always  be  supplied  with  a  fire  of 
any  desired  thickness,  and  that  such  thickness  of  lire  may  be  so 
accurately  maintained  as  to  permit  of  the  proper  and  constant 
admission  of  just  the  volume  of  air,  both  under  and  over  the 
fire,  that  may  be  required.  The  combustible,  and  smoky  hydro¬ 
carbon  gases  are,  of  course,  the  source  of  all  the  troubles  of  the 
smoke  inspector,  and  he  has  usually  learned  Through  many 
years’  practice,  that  certain  easily  attainable  conditions  must 
exist  in  the  furnace  and  combustion  chambers,  if  high  efficiency 
of  furnace  is  to  result,  and  further,  that  when  such  high  effi¬ 
ciency  does  exist,  the  manufacturer  who  has,  in  a  single  stroke, 
also  attained  practically  smokeless  combustion,  is  rapidly  getting 
his  money  back  and  the  stack  or  chimney  of  such  furnace  ceases 
to  offend  the  surrounding  neighborhood  or  community. 

It  is  neither  a  difficult  nor  expensive  matter  to  construct  a 
combustion  chamber  of  sufficient  capacity  and  to  so  arrange  it 
for  breaking  up  and  mixing  the  currents  of  the  products  of  tin* 
furnace  that  the  greatest  possible  percentage  of  ignition  will 
take  place.  Neither  is  it  difficulty  in  such  a  combustion  cham¬ 
ber,  to  maintain  a  sufficiently  high  temperature  until  the  pro¬ 
ducts  of  combustion  contain  a  high  percentage  of  C02,  say  some¬ 
where  between  12  and  14  percent.  Some  will  say  that  the  speak¬ 
er  is  moderate  in  his  demands  for  CO 2,  but  in  our  Pittsburgh 
practice  we  more  frequently  average  five  percent  than  12  per¬ 
cent  of  this  gas  in  our  products  of  combustion.  In  designing 
a  furnace  for  any  service  whatever,  we  must  keep  in  mind  the 
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fact,  that  the  furnace  and  combustion  chamber  are  the  places 
in  which  combustion  must  not  only  commence  but  must  also  be 
completed.  If  we  are  to  secure  high  efficiency,  whether  our 
medium  of  heat  absorption  be  boilers  or  billets.  Ideal  smokeless 
conditions  in  the  average  power  plant,  with  loads  quickly  vary¬ 
ing  from  minimum  to  maximum,  are,  or  course,  not  easily  at¬ 
tainable,  but  there  is,  nevertheless,  no  excuse  for  those  in  charge 
not  doing  the  best  they  can,  with  the  means  at  hand,  however 
variable  their  load  conditions  mav  be. 

It  has  frequently  been  suggested  that  the  phrase  ‘‘smoke 
consumer”  is  a  misnomer,  and  also  that  visible  smoke,  once 
formed,  cannot  be  burned.  What  is  visible  smoke  ?  Barr,  in  his 
“Combustion  of  Coal  and  Prevention  of  Smoke”,  page  118, 
defines  it  as  “the  sooty  products  of  the  furnace  escaping  with 
the  waste  gases";  and  he  continues,  “These  sooty  products  are 
solid  carbon  and  usually  very  light  and  small.”  Horace  C. 
Porter  says:  “Visible  smoke  consists  of  solid  carbon  particles 
or  ‘tar  vapors’,  deposited  by  the  cooling  of  hot  dissociated  hydro¬ 
carbon  gases”.  We  all  know  that  the  amount  of  soot  determines 
the  density  of  smoke,  and  that  its  duration  depends  upon  the 
amount  of  fuel  with  which  the  fire  is  fed  in  excess  of  the  neces¬ 
sary  air  to  oxidize  it ;  but  if  we  have  permitted  some  of  these 
carbon  or  soot  particles  to  search  for  oxygen  in  vain,  until  they 
have  reached  a  point  in  their  course  where  the  ignition  tempera¬ 
ture  no  longer  exists,  there  is  then  nothing  for  them  but  emis¬ 
sion  from  the  stack  as  coloring  for  smoke. 

I  wish,  therefore,  to  assert  here,  and  I  cannot  offer  the  as¬ 
sertion  too  earnestly,  that  there  are  few  things  stated  in  en¬ 
gineering,  if,  indeed,  there  are  any,  further  from  the  truth  than 
the  statement  that  visible  smoke  from  bituminous  coal,  which  is 
no  more  and  no  less  than  solid  carbon  finely  divided,  once  form¬ 
ed,  cannot  be  burned,  and  that  the  resulting  products  will  not 
be  both  harmless  to  vegetation  and  human  life,  but  also  invisible 
to  the  eve.  With  the  elimination  of  this  soot,  our  invisible  but 
most  deadly  carbon-monoxide  and  other  gases  equally  harmful 
to  vegetation  and  annoying  to  the  community  are  no  longer 
emitted  from  the  stack  into  the  atmosphere.  Then,  too,  we  must 
not  forget  that  the  loss  resulting  from  the  escape  of  CO  gasr 
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and  its  accompanying  volumes  of  colored  smoke,  is  absolute, 
for  it  directly  robs  the  fire  of  a  portion  of  the  fuel  from  which 
no  heating  effect  has  been  secured,  and  upon  which  heat  has 
actually  been  wasted  in  raising  them  to  the  temperature  of  the 
escaping  products  of  combustion.  There  is  no  secret  about 
burning  this  carbon  that  colors  smoke  and  at  the  same  time 
indicates  low  furnace  efficiency ;  we  have  simply  been  careless 
and  have  permitted  it  to  pass  a  time  and  place  where  the  well 
known  conditions  exist  for  its  consumption. 

When  designing  a  boiler  plant,  we  should  not  place  the 
whole  burden  of  securing  a  smokeless  stack  upon  any  mechanical 
firing  device  so  far  produced.  We  should  give  just  as  careful 
attention  to  the  volume  of  the  combustion  chamber  and  the  ar¬ 
rangement  of  it  and  the  bridge  wall,  for  securing  a  thorough 
mixture  of  the  escaping  gases  with  the  proper  volume  of  air, 
while  they  are  passing  through,  as  we  would  devote  to  the  de¬ 
sign  of  the  stoker  or  the  dimensions  of  the  stack.  We  cannot 
fix  the  amount  of  air  arbitrarily  for  the  consumption  of  a  pound 
of  average  'bituminous  coal,  although  such  has  at  times  been 
suggested.  Average  bituminous  coal  is  a  variable  mixture  of 
substances,  and.  therefore,  if  high  furnace  efficiency  is  to  result, 
the  volume  of  air  must  be  so  regulated,  and  raised  to  so  high  a 
temperature,  and  the  gases  and  air  so  thoroughly  mixed  while 
passing  over  and  through  the  fire  and  combustion  chamber,  as 
ro  produce  the  highest  practicable  percentage  of  C02  at  the 
breeching,  and  a  chimney  gas  that  contains  the  minimum  of 
combustible;  and  we  must  very  frequently  record  the  tempera¬ 
ture  and  hunt  for  the  percentage  of  C02J  either  with  a  hand 
sampling  and  testing  device  or  a  good  C02  recorder,  or,  what 
is  still  better,  that  we  frequently  have  recourse  to  both,  for, 
after  all,  the  last  word  upon  this  all-improtant  subject  to  the 
manufacturei  and  master  mechanic  has  not  been  spoken  until 
c hey  are  sure  they  are  consuming  practically  all  the  combust¬ 
ible  that  is  supplied  to  the  fires,  with  the  very  least  surplus  of 
air.  Of  course,  it  is  impossible  to  operate  any  furnace  so  that 
each  individual  atom  of  oxygen  in  the  air  comes  in  contact  and 
unites  with  its  proportion  of  carbon  in  the  fuel,  hence  the 
necessity  of  always  supplying  some  air  in  excess  of  the  ealeu- 
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luted  volume.  As  t lie  difference,  however,  between  the  heat 
energy  produced  by  complete  combustion  from  a  unit  of  fuel 
and  incomplete  combustion  from  the  same  unit  of  fuel  is  so  very 
great,  smoke  makers,  for  their  own  protection,  if  for  no  other 
leason,  should  be  compelled  to  utilize  their  fuel  instead  of. emit¬ 
ting  it  into  the  atmosphere  of  our  otherwise  beautiful,  cities,  as 
unnecessary  and  deadly  gases  and  disagreeable  smoke. 

There  is  no  secret  to  unfold,  neither  is  there  anything  hid¬ 
den  from  the  engineer  who,  today,  is  designing  a  plant,  with  the 
view  of  producing  high  ..furnace  efficiency  and  its  accompany¬ 
ing  smokeless  combustion,  but  even  such  a  plant,  no  matter  how 
well  designed  nor  how  perfect  the  workmanship  may- be,  will  not 
go  alone.-  I  believe  I  am  a  good  prophet  when  I  say  that  within 
a  very  short  time  the  carbon-dioxide  recorder,  if  no  other  of  our 
valuable  instruments  of  precision,  will  be  a  regular  associate  of 
the  steam  gauge  in  every  power  plant,  and  the  fireman  will 
then  be  as  watchful  of  his  C02  percentages  as  he  is  now  of  his 
steam  pressure.  Someone  has  said  the  combustion  recorder  has 
not  yet  reached  perfection,  that  it  does  not  always  work,  etc. 
ft  should  be  examined  occasionally  and  checked  up  with  an 
Orsat  apparatus.  Give  it  the  same  care  given  a  Corliss  engine 
and  I  will  guarantee  that  the  instrument  will  immediately  be¬ 
gin  again  to  record  correctly,  no  really  good  instrument  will  go 
without  some  little  care. 

Plant  engineers  are  fast  realizing  the  importance  of  this 
step  toward  ultimate  efficiency.  Conservative  from  necessity, 
though  they  may  be,  because  of  the  amount  of  money  involved 
in  any  change  made,  they  are  slow  to  act  in  this,  as  with  the 
indicator  for  determining  the  efficiency  of  their  engines.  The 
lime  has  come,  however,  when  bookkeeping  for  the  power  plant 
is  reduced  to  a  science  and  is  compelling  those  in  charge  to  find 
the  leaks  and  stop  them,  and.  the  writer  is  most  fully  con¬ 
vinced,  because  of  his  many  years'  experience  as  plant  engineer 
and  later  as  chief  engineer  of  plants,  that  the  place  to  commence 
is  at  the  furnace.  Find  how  little,  or  how  much,  is  being  gotten 
out  of  the  coal  pile,  and  don’t  begin  at 'the  top  by  running  an 
evaporative  test  as  there  may  be  a  dozen  things  you  should 
know  first.  First  ascertain  the  percentage  of  C02  gas  in  the 
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products  of  combustion,  and  if  below  that  which  the  furnace 
should  produce,  start  on  a  hunt  for  the  defects.  When  satisfied 
that  as  many  of  these  are  eliminated  as  possible,  and  the  (' 0 2 
looks  good  enough,  considering  the  manner  of  setting  and  method 
of  tiring,  proceed  with  an  evaporative  test,  which,  as  all  should 
know,  has  nothing  whatever  in  common  with  furnace  efficiency, 
as  the  furnace  may  not  alwavs  be  under  or  near  a  boiler,  as  in 
the  case  of  a  metallurgical  furnace.  Do  not  couple  the  furnace 
and  the  boiler  in  any  test,  make  them  stand  alone,  for  thev 
always  act  independently. 

When  all  of  our  plant  engineers  have  grasped  these  points 
as  many  now  have,  and  when  they  learn  that  they  are  as  simple 
and  if  anything,  more  easily  mastered  than  the  steam  engine 
indicator,  which  frightened  many  of  them  but  a  few  years  ago, 
and  out  of  which  they  now  get  so  much;  then,  and  not  until 
then,  will  the  owners  of  power  plants  begin  to  appreciate  the 
enormity  of  our  present  waste  of  fuel,  and  also,  the  utter  fallacy 
of  the  statement  now  so  commonly  heard:  “Much  smoke  means 
much  prosperity  for  our  cities”.  For  then  there  will  be  prac¬ 
tically  no  smoke  and  our  cities  will  be  both  clean  and  prosperous. 

I  do  not  wish  it  understood  that  a  smokeless  stack  alwavs 
indicates  high  furnace  efficiency,  for,  indeed,  such  is  not  always 
true.  I  do  assert,  however,  that  complete  combustion  and  high 
furnace  efficiency  always  produce  a  smokeless  stack,  and  that 
whenever  the  stack  is  smokeless  and  the  fuel  bill  is  excessive, 
and  the  boilers  are  clean,  it  is  because  tin*  products  of  combustion 
do  not  contain  the  required  percentage  of  C02  gas.  and  that  tie* 
percentage  of  C02  is  reduced  by  the  admission  of  too  great  or 
loo  small  a  volume  of  air,  or  that  the  air  and  gases  are  not  prop¬ 
erly  mixed,  or  that  the  temperature  of  the  combustion  chamber  is 
too  low.  The  recording  instruments,  if  not  shamefully  neglected, 
would  have  pointed  to  the  error,  indicating  the  proper  regula¬ 
tion  of  the  air  and  temperature,  stopping  the  waste  before  it  had 
become  serious. 

Now  a  word  as  to  the  administration  of  the  division  of 
smoke  inspection  in  the  City  of  Pittsburgh.  I  shall  make  this 
brief,  not  attempting  any  detail,  as  1  have  already  taken  too 
much  time. 
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An  empowering  act  was  passed  by  the  legislature  of  the 
Commonwealth  of  Pennsylvania,  and  approved  by  the  Governor 
on  .June  6th.  1911,  authorizing  cities  of  the  second  class  to  regu¬ 
late,  by  ordinance,  the  production  or  emission  of  smoke  from 
chimneys,  smoke  stacks,  or  other  sources. 

The  Council  of  the  City  of  Pittsburgh  passed  an  ordinance 
for  the  abatement  of  smoke  on  September  19th,  1911,  together 
with  an  ordinance  creating,  in  the  Department  of  Public  Health, 
a  Division  of  Smoke  Inspection.  These  ordinances  were  ap¬ 
proved  by  the  Mayor  September  22nd,  1911. 

In  administering  this  new  ordinance,  the  Division  of  Smoke 
Inspection,  with  but  four  inspectors  yet  employed,  including  the 
chief,  secured  34  first  class  abatements  between  September  22nd 
and  October  31st:  46  during  November;  16  during  December: 
27  during  January,  1912;  101  during  February;  61  during 
March :  121  during  April ;  and  129  during  May.  a  total  of  535 
smokeless  installations  for  the  eight  months  ending  May  31st. 

Upon  commencing  work  September  22nd.  1911,  we  found 
that  many  who  had  been  operating  well  within  the  law  upon 
the  suspension  of  our  division  on  April  1st,  1911,  because  of 
insufficient  State  law,  were  then  smoking  badly.  A  majority  of 
these  have  expressed  an  entire  willingness  to  comply  with  our 
present  law.  and  are  doing  so.  Our  campaign  of  education  in 
Pittsburgh  has  now  been  in  fairly  vigorous  progress  for  five 
years,  and  yet,  there  is  still  much  to  be  done  upon  educational 
lines.  It  is  a  pleasure  to  be  able  to  say  to-night  that  we  find  very 
encouraging  signs  all  over  our  city  that  furnace  efficiency  is 
becoming  of  greater  interest  to  our  engineers  and  that  they  are 
moving  along  satisfactorily  toward  the  final  solution  of  the 
smoke  problem,  but  that  they  will  reach  the  solution  partly 
through  the  more  interesting  eorbon-dioxide  route,  rather  than 
whollv  through  the  citv  ordinance  for  the  abatement  of  smoke. 
rnhe  economic  results  will  be  the  same,  however,  and  a  prac¬ 
tically  smokeless  and  more  prosperous  and  beautiful  city  will 
be  the  result. 

For  the  information  of  men  who  are  firing  by  hand,  and 
there  are  still  far  too  many  of  these  in  Pittsburgh,  and  also  for 
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men  who  are  attending  machine-fired  boilers,  we  instruct  our 
deputy  inspectors  to  offer  the  following  suggestions: 

HAND  FIRING 

First :  Fire  one  door  at  a  time  and  wait  until  the  fire  is 
in  good  shape  before  charging  the  other  door. 

Second :  Leave  furnace  door  slightly  ajar  for  about  two 
minutes  after  firing. 

Third :  Fire  frequently  at  regular  intervals  and  in  small 
<t|uantities. 

Fourth  :  Keep  the  fires  clean. 

Fifth  :  Carry  a  level  surface  over  entire  grate. 

Sixth  :  Avoid  thin  or  bare  spots  on  grates. 

Seventh  •  Break  up  lumps  of  coal  to  fist  size,  or  smaller. 

By  following  these  instructions  intelligently,  you  will  secure 
ns  high  furnace  efficiency  and  as  great  reduction  in  smoke  as  can 
be  secured  by  hand-firing  with  the  simple  fire-box  and  grate. 

The  average  mechanical  stoker  is  a  device  of  scientific  con¬ 
struction  and  may  properly  be  termed  an  instrument  of  pre¬ 
cision,  as  it  so  regularly  feeds  an  exactly  measured  quantity 
of  coal  in  a  given  time.  It  is  our  practice  to  insist  that  this 
machine  be  kept  in  such  good  repair  and  so  regulated  that  it 
will  do  the  work  for  which  it  is  designed  without  the  frequent 
aid  of  the  slice-bar. 

When  these  instruction  are  carefully  observed,  the  smoke 
from  all  such  plants  will  no  longer  be  a  nuisance,  and,  if  neces¬ 
sary,  we  compel  obedience  by  recourse  to  the  law.  But  such 
instances  are,  happily,  the  exception  rather  than  the  rule. 

CORRESPONDENCE 

Mr.  0.  Monnett  :*  I  have  read  with  interest  the  paper  on 
Coal  Smoke  and  Its  Practical  Abatement  by  Mr.  J.  M.  Searle, 
"Smoke  Inspector  of  Pittsburgh. 

I  note  Mr.  Searle  makes  the  statement  that  in  good  practice 
with  the  boilers  working  in  slightly  excess  of  builders’  rating 
the  escaping  gases  should  be  about  200  deg.  fahr.  above  the 
temperature  of  the  steam  in  the  boiler.  In  this  city  there  are 
a  great  many  large  boilers  that  normally  operate  at  about  160 

♦Smoke  Inspector,  City  of  Chicago,  Ill. 
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percent  of  the  builders’  rating  with  the  escaping  gases  averag¬ 
ing  close  to  150  deg.  fahr.  above  the  steam  temperature;  the 
boiler  efficiency  being  about  70  percent. 

In  reference  to  economizers,  I  do  not  believe  that  econom¬ 
izers,  by  lowering  the  temperature  of  the  flue  gases,  interfere 
very  greatly  with  the  draft  intensity,  but  the  additional  resist¬ 
ance  placed  in  the  path  of  the  flow  of  gases  often  materially 
interferes  with  the  coal  burning  capacity  of  the  furnaces  by 
reducing  the  draft  intensity  available  over  the  fires  in  such 
furnaces,  and  the  designing  engineer  should  be  very  careful  in 
the  arrangement  of  the  economizer,  breeching  and  by-passes 
wherever  an  economizer  is  installed. 

It  may  be  interesting  to  note  that  we  have  in  Chicago  a  few 
hand-fired  metallurgical  furnaces,  such  as  reverberatory  and  re¬ 
heating  furnaces,  which  are  so  built  that  it  is  reasonable  to  ex¬ 
pect  them  to  operate  at  all  times  without  violating  our  smoke 
ordinance,  which  is  even  more  strict  than  the  Pittsburgh  ordi¬ 
nance.  Although  we  get  very  good  results  with  the  hand-fired 
metallurgical  furnaces  referred  to,  far  better  results  are  to  be 
had  with  machine  fired  metallurgical  furnaces. 

Mr.  Searle  asks  “What  is  visible  smoke?”  and  then  quotes 
authorities  giving  definitions.  In  this  respect  I  wish  to  state 
that  I  believe  volatile  matter  distilled  from  the  fuel  in  the  furn¬ 
ace  should  not  be  considered  smoke  until  after  it  has  been  cooled 
below  an  ignition  temperature,  or  in  other  words,  if  I  may  be 
allowed  to  express  it  in  that  way,  that  carbon  of  the  hydro-car¬ 
bons  of  volatile  matter  is  not  smoke  until  after  it  has  been  “con¬ 
densed”.  With  this  understanding  of  smoke  the  furnaces  and 
combustion  chambers  that  furnish  us  a  means  of  burning  our 
fuel  without  producing  smoke  are  not  smoke  consumers,  but  are 
high  grade  furnaces  by  which  we  get  complete  combustion. 

In  one  place  in  his  paper  the  statement  is  made  that  “hand 
firing  is  extravagant  and  necessarily  smoky  and  should  not  be 
considered.”  It  is  interesting  to  note  in  this  respect  that  only 
about  25  percent  of  all  the  boilers  in  Chicago  are  equipped  with 
mechanical  furnaces;  about  five  percent  semi-stokers  in  which 
the  operation  depends  entirely  upon  the  firemen  and  the  other 
70  percent  are  hand  fired  furnaces. 
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I  am  sending  herewith  copies  of  Ringelmann  charts*  made 
of  a  stack  with  one  furnace  in  operation.  The  boiler  is  a  300 
h.  p.  Heine  boiler  with  a  furnace  of  special  design  but  not  pat¬ 
ented.  There  are  T-tile  over  the  front  part  of  the  furnace  ex¬ 
posing  the  lower  side  of  the  tubes  to  the  fire;  about  three  feet 
in  front  of  the  bridge  wall  box  tile  are  used  and  from  there 
to  thirty  inches  back  of  the  rear  face  of  the  bridge  wall,  at 
which  point  there  is  a  deflection  arch  in  three  spans.  The  draft 
available  over  the  fire  is  about  0.4  in.  Ordinary  Illinois  screen¬ 
ings  are  burned  at  an  average  rate  of  40  lb.  per  sq.  ft.  per  hr. 
No  one  about  the  plant  knew  when  these  Ringelmann  readings 
of  the  stack  were  made. 


Fig.  1. 


It  is  interesting  to  note  that  on  May  22nd  during  (H_> 
hours  when  fifteen  second  records  were  made  of  the  condition  of 
the  stack,  all  the  smoke  emitted  was  equivalent  to  only  eleven 
minutes  of  No.  1  smoke  by  the  Ringlemann  scale,  and  that  on 
May  14th  during  six  hours  of  time  all  the  smoke  emitted  was 
equivalent  to  one  and  one-half  minutes  of  No.  1  smoke. 

There  are  literally  thousands  of  return  tubular  boilers  in 
this  city,  about  500  of  which  are  equipped  with  furnaces  similar 
in  construction  to  the  illustration  Fig.  1.  In  this  furnace  the 

♦These  charts  which  show  an  exceptionally  fine  record  may  be  seen  by 
writing  to  the  Secretary  of  the  Society,  2511  Oliver  Bldg.,  Pittsburgh. 
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volatile  distillates  and  air  admitted  through  the  panels  provided 
for  special  air  admission  over  the  fire  immediately  after  firing 
pass  back  under  the  fire  brick  arches  where  they  are  heated  to 
an  igniting  temperature.  To  the  rear  of  the  bridge  wall  are 
placed  deflection  arches,  which  cause  the  gases  to  turn  down¬ 
ward  in  their  course.  This  turning  of  the  gases,  which  is 
through  360  deg.  between  the  grate  bars  and  the  tubes,  causes 
the  volatile  matter  and  air  supply  to  become  thoroughly  mixed, 
providing  the  furnace  is  well  proportioned  for  the  load  to  be 
handled.  There  are  times  when  the  rate  of  distillation  is  more 
rapid  than  can  be  taken  care  of  sufficiently  by  the  natural  turn¬ 
ing  of  the  gases  through  the  fire  brick  construction.  At  such 
limes  it  is  advisable  to  use  steam  jets,  as  are  shown  in  the  cut. 
Steam  jets  should  be  provided  with  hand  fired  furnaces  to  be 
used  at  times  of  need  about  the  same  as  you  would  provide  your¬ 
self  with  an  umbrella. 

Mr.  Searle  has  passed  over  the  proposition  of  hand  fired 
furnaces  very  quickly,  and  as  the  subject  is  a  broad  one,  it 
would  be  impossible  to  go  into  detail  at  this  time.  Be¬ 
sides  the  actual  construction  of  the  furnace,  the  personal  element 
enters  into  the  operation  of  every  furnace  to  such  an  extent  that 
it  must  be  taken  into  consideration.  In  one  section  of  this  city 
we  have  kept  a  record  of  the  violations  of  the  smoke  ordinance 
that  have  been  reported  and  find  that  40  percent  of  the  violations 
are  reported  upon  plants  that  are  so  equipped  that  they  could 
operate  at  all  times  without  violating,  and  among  this  40  percent 
of  the  violations  is  a  quota  of  mechanically  operated  furnaces 
in  proportion  to  the  number  of  such  furnaces  in  the  district  in 
which  the  record  was  kept.  Although  furnaces  may  be  mechan- 
incally  operated  many  of  them,  such  as  front  incline  stokers,  side 
incline  stokers  and  underfeed  stokers,  depend  to  a  great  extent 
upon  the  attention  given  them  by  the  firemen  as  to  whether  the 
stack  operates  clean  or  not,  and  it  is  this  personal  element  that 
must  be  taken  into  consideration  in  all  discussions  of  the  smoke 
problem,  and  the  ultimate  practical  solution  of  the  smoke  prob¬ 
lem  is  the  education  of  the  operating  men. 
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Mr.  John  Krause:*  There  are  a  few  tilings  in  Mr.  Searle ’s 
paper  which  I  should  like  to  have  discussed  at  this  meeting,  one 
of  them  is  the  stand  that  Mr.  Searle  takes  in  the  question  of 
steam  jets.  Of  course  we  all  would  prefer  to  see  plants  equipped 
with  mechanical  stokers,  because  the  principle  of  mechanical 
stokers  is  the  only  correct  one  for  feeding  coal  into  the  furnace, 
namely  coal  and  air  in  uniform  quantities  without  opening  fire 
door. 

Still  there  are  a  great  many  boilers  where  it  is  impractical 
to  install  mechanical  stokers,  for  instance  boilers  60  horse  power 
or  less.  In  such  cases  it  becomes  necessary  to  adopt  some  other 
method  of  abating  the  smoke.  While  proper  construction  such 
as  arches  and  checker-work  walls  might  help  to  keep  up  the 
furnace  temperature  and  mix  the  gases,  still  one  of  the  requisites 
for  smokeless  combustion  is  a  proper  amount  of  air.  The  air 
also  must  be  thoroughly  mixed  with  the  volatile  gases  that  are 
being  distilled  from  the  coal  in  large  quantities  when  the  coal  is 
first  thrown  on  the  fire. 

I  have  seen  furnaces  which  in  my  opinion  had  a  very  good 
arrangement  of  brickwork  make  considerable  smoke  even  though 
furnace  doors  were  left  open  to  admit  surplus  air  over  the  lire. 
The  smoke  conditions  in  such  cases  have  been  very  much  im¬ 
proved  by  a  few  small  jets  of  steam. 

Of  course  it  is  possible,  and  frequently  has  happened,  that 
engineers  have  introduced  such  an  excessive  amount  of  steam 
over  the  fire  that  the  efficiency  of  the  furnace  was  materially 
lowered.  I  have  seen  furnaces  where  the  introduction  of  steam 
and  air  jets  has  materially  increased  the  efficiency  of  the  furn¬ 
ace. 

Four  or  five  years  ago  we  made  a  number  of  tests  with 
steam  and  air  jets  on  locomotives  and  found  that  engines  so 
equipped  would  steam  better  and  do  more  work  than  engines 
not  so  equipped,  and  practically  all  of  the  locomotives  operating 
in  Cleveland  are  now  equipped  with  steam  and  air  jets  and  are 
doing  excellent  work  so  far  as  the  emission  of  dense  smoke  is 
concerned. 

♦City  Treasurer,  City  of  Cleveland.  Formerly  Smoke  Inspector  of 
Cleveland,  Ohio. 
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1  am  glad  to  know  that  the  locomotives  in  Pittsburgh  are 
now  being  equipped  with  underfeed  stokers.  I  have  seen  these 
stokers  in  operation  and  have  no  doubt  they  will  be  universally 
used  in  a  short  time.  1  do  not  wish  to  be  understood  as  advocat¬ 
ing  steam  jets;  permanent  devices  such  as  mechanical  stokers 
are  very  much  more  satisfactory,  but  where  mechanical  stokers 
are  not  practicable  I  think  you  will  find  that  the  smoke  condi¬ 
tions  are  improved  by  the  proper  installation  of  steam  jets. 

Another  item  in  Mr.  Searle’s  paper  which  interested  me 
greatly  was  his  reference  to  the  use  of  powdered  coal.  1  have 
always  believed  that  some  time,  powdered  coal  would  be  favored 
as  a  means  of  producing  heat.  We  had  one  plant  in  Cleveland 
equipped  for  burning  powdered  coal,  and  this  plant  operated 
with  absolutelv  smokeless  stack  and  with  very  high  economv. 

The  writer  visited  the  Erie  Malleable  Iron  Works  several 
3rears  ago  for  the  purpose  of  inspecting  their  installation  for 
burning  powdered  coal  and  found  they  were  getting  excellent 
results  both  under  their  boilers  and  in  their  annealing  furnaces. 

I  have  read1  your  Smoke  Ordinance  and  wish  to  congratulate 
you  upon  having  such  a  comprehensive  and  satisfactory  ordi¬ 
nance.  The  provisions  of  the  ordinance  are  excellent  and  the 
only  criticism  which  I  have  to  make  is  in  regard  to  the  one 
which  allows  stacks  to  throw  out  dense  black  or  gray  smoke  for 
eight  minutes  in  each  hour. 

There  are  a  great  many  small  plants  where  they  only  fire 
two  or  three  times  an  hour  which  might  prove  to  be  serious 
offenders  and  still  come  within  the  provisions  of  the  ordinance. 
Still  the  power  given  to  the  Smoke  Inspector  to  supervise  and 
regulate  the  installation  of  new  furnaces  should  be  of  immense 
benefit,  and  eventually  will  be  the  means  of  having  all  furnaces 
so  constructed  that  smokeless  conditions  should  obtain. 

The  writer  as  a  member  of  the  last  Legislature  was  instru¬ 
mental  in  having  a  newT  law  passed  which  authorizes  Ohio  mu¬ 
nicipalities  to  declare  dense  smoke  a  nuisance.  Under  the  au¬ 
thority  of  this  law  Cleveland  has  passed  a  new  ordinance  from 
which  we  hope  to  get  good  results. 
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Mr.  E.  P.  Roberts:*  I  appreciate  your  invitation  to  attend 
your  meeting  tomorrow  evening  and  regret  that  it  is  impossible 
and  also  that  time  will  not  permit  my  forwarding  more  than  a 
few  notes  relative  of  Mr.  Searle  s  paper. 

Relative  to  steam  jets.  As  at  least  for  some  time  to  come, 
some  boilers  will  be  hand  tired,  therefore,  although  I  believe  in 
stokers,  if  properly  installed,  nevertheless  1  think  it  advisable 
to  consider  the  steam  jet.  One  of  the  greatest  faults  of  steam 
jets  is  that  many  are  so  constructed  or  installed,  or  both,  that 
it  is  quite  usual  to  find  some  portion  out  of  order.  Greater  at¬ 
tention  should  be  paid  to  the  design  and  workmanship,  and  the 
accessibility  for  cleaning  the  dashpot  and  for  repairs. 

As  the  function  of  the  jet  is  to  mix  the  air  and  the  volatile 
gases,  more  jets  should  be  used  than  is  customary.  But  if  the 
number  of  jets  is  increased,  the  steam  capacity  of  each  can  be 
decreased.  The  steam  jets  should  aim  downward  toward  tin* 
bridge  wall  and  should  be  capable  of  slight  adjustment  in  a  ver¬ 
tical  plane.  In  conjunction  with  the  steam  jets  there  should  be 
provision  for  ample  air  supply  over  the  fire  at  the  time  the 
volatile  gases  are  being  given  off,  which  air  supply  and  the 
steam  jets  should  be  shut  off  when  the  greater  portion  of  the 
volatile  gas  has  been  burned. 

Relative  to  the  combustion  chamber  and  providing  hot  sur¬ 
faces  to  maintain  high  temperature  of  the  volatile  gases  and  the 
air  until  combustion  is  completed,  I  most  heartily  agree  with 
Mr.  Searle,  and  this  statement  applies  to  stoker  installations  as 
well  as  to  hand  fired  furnaces. 

In  my  experience  of  many  years  as  a  Consulting  Engineer, 
I  nearly  always  found  it  comparatively  difficult  to  interest  my 
clients,  relative  to  existing  or  proposed  plants,  in  the  matter  of 
boiler  room  as  compared  with  the  engines  and  generators.  This 
was  true  not  only  at  the  start,  but  also  after  placing  in  operation. 
The  owner  will  spend  considerable  time  discussing  small  dif¬ 
ferences  of  efficiency  between  different  makes  of  generators  or 
of  engines  or  turbines,  and  apparently  not  realize  that  20  per¬ 
cent,  or  frequently  more,  of  the  fuel  would  be  saved  by  proper 
design  of  the  boiler  plant,  considered  as  a  whole,  as  compared 

♦Smoke  Inspector,  City  of  Cleveland,  Ohio. 


448  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

with  an  equally  reliable  plant  not  designed  for  the  conditions 
of  load,  fuel  and  other  controlling  factors. 

The  choosing  and  the  proportioning  of  a  boiler  plant,  viz., 
the  heat  producer,  the  -heat  utilizer  and  the  draft  producer,  fre¬ 
quently  is  not  based  on  the  result  which  should  be  obtained, 
neither  are  the  units  chosen  as  to  type  or  proportions  with  ref¬ 
erence  to  each  other,  the  result  being  similar  to  hitching  together 
a  dray-horse,  a  racer,  and  a  pony,  which  team  would  have  mini¬ 
mum  usefulness  as  a  team,  although  each  element  might  be  ex¬ 
cellent  if  used  under  the  proper  conditions. 

I  believe  in  the  use  of  the  C02  recorder,  but  believe  that  in 
connection  with  it,  temperatures  and  draft  at  the  furnace  and  at 
the  uptake,  and  at  points  between  should  be  ascertained.  In 
other  words,  that  the  case  should  not  be  diagnosed  from  one 
symptom. 

Relative  to  point  No.  16,  in  Mr.  Searle’s  paper,  “  There  is 
nothing  mysterious  about  securing  high  furnace  efficiency  and 
a  smokeless  stack”,  I  presume  I  understand  what  Mr.  Searle 
refers  to  and  hesitate  to  make  any  suggestion,  but  I  feel  that 
some  persons  might  take  Mr.  Searle’s  statement  to  mean  that 
it  is  a  simple  matter  to  obtain  such  result,  not  only  as  to  new 
plants  or  the  re-construction  of  old  ones,  but  also  as  to  the  opera¬ 
tion  of  existing  plants  with  little,  if  any,  change  in  the  con¬ 
struction  and  if  it  were  so  understood,  it  would  hardly  be  cor¬ 
rect  and  might  be  misleading.  There  is  nothing  mysterious 
about  the  theory,  or  in  a  general  way,  what  provisions  must  be 
made,  but  when  all  the  factors  are  taken  into  consideration,  in¬ 
cluding  financial,  each  problem  is  a  special  case  requiring  the 
obtaining  of  all  data,  frequently  pre-determining  the  conditions, 
analyzing  them,  and  then  the  application  of  general  and  special 
engineering  knowledge. 

Mr.  Joseph  Harrington  :*  Smokelessness  can  be  accom¬ 
plished  at  a  tremendous  cost  or  it  can  be  accomplished  with  a 
marked  saving.  The  latter  fact,  must,  therefore,  be  thoroughly 
appreciated  before  the  proper  co-operation  will  be  extended  to 
the  smoke  inspector.  Perhaps  the  feature  least  appreciated  is 
the  necessity  of  a  properly  designed  furnace.  The  use  of  a  me- 

*Chief  Engineer,  Green  Engineering  Company,  Chicago,  Ill. 
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chanical  device  for  uniform  and  gradual  introduction  of  fuel 
is  one  of  the  necessary  factors  in  this  problem  but  this  fact  is 
more  apparent  and  better  understood  today  than  is  the  equally 
improtant  matter  of  adequate  furnace.  The  question  of  real 
estate  values  and  the  cost  of  obtaining  sufficient  room  for  the 
furnace  is  always  an  important  consideration  and  if  the  boiler 
is  set  in  the  basement  of  an  existing  building,  it  is  sometimes 
well  nigh  impossible  to  secure  adequate  space,  either  in  height 
or  projection  and  as  a  result,  the  furnace  is  restricted  to  its 
minimum  dimensions.  It  is  probable  that  smokelessness  could 
be  secured  even  with  the  crudest  methods  of  stoking  if  unlimited 
furnace  space  could  be  provided  but  the  furnace  has  a  definitely 
limited  capacity  to  retain  the  gases  during  combustion  just  as 
much  as  the  boiler  has  a  limited  capacity  for  holding  water  or 
generating  steam. 

When  the  installation  is  provided  with  a  satisfactory  me¬ 
chanical  stoker,  supplied  with  adequate  draft,  and  smoke  is  still 
produced,  it  is  because  the  furnace  is  being  taxed  beyond  its 
capacity. 

The  function  of  the  combustion  space  is  to  retain  the  gas¬ 
eous  products  of  combustion  at  the  temperature  of  ignition  for 
a  time  sufficient  to  complete  the  oxidation  thereof  so  that  there 
is  a  different  furnace  capacity  for  every  combination  of  com¬ 
bustible  volatile  and  oxygen  supplied. 

It  is  an  obvious  matter  that  the  reduction  of  the  volatile 
constituents  of  the  fuel  causes  the  furnace  to  have  a  relatively 
greater  capacity  and  a  common  method  of  eliminating  smoke  is 
the  use  of  low  volatile  or  smokeless  coals,  at  an  increased  ex- 
X'jense.  While  the  smoke  may  be  eliminated,  the  cost  of  power 
usually  rises  and  the  actual  efficiency  of  the  combustion  process 

is  not  necessarilv  increased.  This  method  is  more  or  less  of  a 

« 

make-shift  and  is  one  which  while  accomplishing  the  result, 
does  so  in  an  unattractive  way. 

On  the  other  hand,  if  the  highly  volatile  coal  is  retained, 
the  oxygen  supply  may  be  increased  to  a  point  where  complete 
oxidation  will  occur.  Unfortunately,  however,  in  the  case  of 
the  restricted  furnace  under  discussion,  complete  oxidation  is 
not  effected  until  the  excess  volume  of  air  has  reached  a  con- 
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siderable  amount.  I  would  rather  express  this  condition  as 
elimination  by  dilution  rather  than  elimination  by  oxidation. 
Many  hand  fired  plants  are  being  operated  with  an  air  supply 
five  or  six  times  as  large  as  necessary.  This  again,  is  one  of  the 
most  unattractive  ways  of  accomplishing  the  elimination  of 
smoke  and  the  cost  is  even  greater  than  elimination  by  means  of 
special  fuels. 

The  cost  of  smoke  elimination  by  either  of  these  methods 
continues  as  long  as  the  plant  is  operated,  yet  many  plant  own¬ 
ers  and  operators  will  submit  to  a  drain  on  their  resources  ex¬ 
tending  over  years,  rather  than  expend  perhaps  a  year's  loss  at 
once.  The  remedy  of  course,  is  to  design  and  build  a  furnace 
of  such  a  nature  that  the  volatile  constituents  can  be  completely 
oxidized  in  the  furnace  with  the  minimum  amount  of  excess 
air.  The  practical  limitations  to  the  air  supply  are  very  ably 
stated  by  Mr.  Searle. 

9/ 

AVith  Pittsburgh  coals  a  gas  analysis. of  14  percent  of  (  02 
is  undoubtedly  near  the  economy  limit  and  nothing  is  gained  bv 
carrying  up  the  C0.2  in  the  presence  of  CO. 

If  the  general  conditions  of  installation  are  satisfactory,  bv 
which  I  mean  the  continuous  and  uniform  introduction  of  fuel 
of  the  proper  size  and  nature,  the  presence  of  adecpiate  draft  in 
the  furnace,  the  existance  of  a  combustion  chamber  of  reason¬ 
able  size,  and  the  supply  of  an  adequate  amount  of  oxygen ;  and 
the  chimney  still  smokes,  there  is  but  one  conclusion  to  be  reach¬ 
ed  and  that  is  that  the  furnace  is  being  overtaxed  and  the  in¬ 
stallation  driven  to  a  point  beyond  its  rating.  There  is  but 
little  gained  in  anv  wav  under  these  circumstances  because  of 
the  losses  which  usually  are  present  under  such  conditions. 
More  boilers,  or  larger  boilers  is  the  natural  answer  to  this  ques¬ 
tion.  It  must  be  appreciated  that  the  losses  in  the  furnace 
100m  under  the  old  fashioned  conditions  are  great  beyond  the 
understanding  of  the  general  owner  or  operator.  They  run  into 
large  figures  and  no  reasonable  expense  is  too  great  to  secure 
the  advantages  of  a  modern  setting. 

Many  tests  of  hand  fired  installations  have  shown  combined 
efficiencies  not  much  in  excess  of  50  percent.  AVe  would  con¬ 
sider  it  a  rather  poor  performance  if  a  modern  installation 
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should  not  show  a  general  efficiency  of  at  least  65  percent,  which 
is  a  saving  over  the  former  conditions  of  30  percent.  This  sav¬ 
ing  is  an  actual  possibility  and  in  fact,  is  of  daily  occurrence, 
yet  it  is  most  difficult  to  impress  the  smoke  producer  with  this 
tact. 


DISCUSSION 

Mr.  \Y.  O.  AmslerU  I  have  brought  a  small  smokeless 
furnace  with  me,  an  oil  lamp.  This  old  and  time  honored  device 
is,  I  believe,  the  best  example  of  perfect  combustion  we  have, 
yet  it  has  received  but  scant  attention  as  pointing  to  a  possible 
solution  of  the  smoke  problem.  It  is  a  smoky  furnace  if  it  is  not 
operated  properly,  that  is  if  the  various  component  parts  are 
not  all  used,  or  if  it  is  forced  beyond  its  capacity.  By  lighting 
the  wick  with  the  hood  thrown  back  and  with  the  chimney  re¬ 
moved,  it  produces  a  dark  smoky  flame.  By  placing  the  hood 
over  the  flame  the  smoke  is  reduced,  but  it  is  still  not  smokeless 
and  gives  but  little  light.  Now  if  we  remove  the  hood  and  place 
the  chimney  it  is  not  satisfactorv  either  as  the  flame  stretches 
and  smokes.  When  the  hood  and  chimney  are  both  placed  the 
combustion  is  at  once  almost  perfect,  and  with  a  little  adjust¬ 
ment  of  the  wick  to  get  the  maximum  fuel  that  the  furnace  will 
properly  oxidize,  the  maximum  light  is  produced  and  the  maxi¬ 
mum  efficiency  is  attained. 

Now  why  does  the  plain  wick  smoke  and  why  does  that 
same  wick  burn  with  perfect  combustion  when  the  hood  and 
chimney  are  placed  ?  And  further  is  it  not  possible  by  treating 
the  products  of  distillation  from  the  furnace  fire,  which  I  would 
call  smoke,  in  the  same  way  as  the  hvdrocarbons  distilled  from 
the  wick  are  treated  in  the  lamp,  to  procure  an  equally  perfect 
combustion  ? 

It  appears  to  me  that  the  success  of  the  lamp  is  in  the 
spraying  of  the  flat  flame  with  a  properly  regulated  supply  of 
air.  The  hood  tends  to  throw  a  current  of  air  against  the  flame 
from  all  sides,  while  the  chimney  produces  the  slight  draught 
which  is  all  that  is  necessary  to  siphon  the  flame  and  air  through 
the  restricted  area  of  the  slot  in  the  hood. 


♦Combustion  Engineer,  Wabash  Building,  Pittsburgh. 
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Acting  upon  this  principle  I  have  installed  a  number  of 
burners  under  boilers  and  other  places,  particularly  for  burn¬ 
ing  producer  gas  to  complete  and  smokeless  combustion  in  glass 
factories,  with  entire  satisfaction.  When  used  in  fireboxes  these 
are  usually  made  somewhat  smaller  in  area  and  deeper  in  fuel 
bed  up  to  about  two  feet  in  depth.  They  must  be  so  constructed 
that  all  the  products  of  the  firebox  pass  through  the  burner,  as 
any  leak  is  a  waste.  The  fire  is  then  fired  to  make  as  much  smoke 
as  possible  which  is  the  main  fuel  under  conditions  now  exist¬ 
ing. 

The  burners  are  so  constructed  that  the  flame  or  gas  from 

the  firebox  is  delivered  in  a  sheet  like  the  flame  from  the  wick 

of  the  lamp.  It  is  then  sprayed  with  air  in  the  same  way  as  the 

fiame  from  the  wick  by  a  fire  brick  tile  hood  so  constructed  that 

the  resemblance  to  the  lamp  is  recognized  at  once.  Around  this 

hood  is  another  tile  construction  that  corresponds  to  the  lamp 

ehimnev.  These  members  are  horizontal  instead  of  vertical  in 
«/ 

the  lamp  bul  the  action  is  the  same  and  the  draught  is  supplied 
by  the  chimney  on  the  furnace. 

The  result  is  that  up  to  the  capacity  of  the  firebox  it  is  im¬ 
possible  to  make  such  a  furnace  smoke.  Oily  waste,  tar.  pitch 
pine,  and  other  smoke  producing  fuels  have  been  used  without 
any  sign  of  smoke  in  the  chimney.  Economy  tests  have  shown 
that  the  fuel  consumption  of  these  furnaces  has  been  reduced  to 
a  marked  degree  in  every  case  ranging  usually  from  15  to  25 
percent. 

An  interesting  experiment  made  to  illustrate  this  principle 
was  the  placing  of  an  ordinary  lamp  burner  in  a  cigar  box  in 
which  some  holes  had  been  cut  on  the  under  side.  This  was 
filled  with  paper  and  lighted.  When  the  smoke  appeared  at  the 
burner  from  which  the  wick  had  been  removed,  it  was  lighted 
and  the  chimney  placed  over  the  burner.  The  flame  burned 
brilliantly  and  without  smoke.  The  flame  was  hot  enough  to 
break  the  chimney  before  the  tire  consumed  the  box  and  termi¬ 
nated  the  experiment. 

Mr.  A.  Stucki  :j  The  scheme  described  by  Mr.  Amsler  is 
being  used  in  locomotive  construction  with  very  good  results. 

■{•Consulting’  Engineer,  Oliver  Building,  Pittsburgh. 
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The  air  is  first  heated  in  a  similar  way,  by  being  drawn  through 
narrow  passages  in  the  bridge  and  then  delivered  to  the  top 
of  the  fuel  bed. 


Mr.  W.  W.  Strong  :  Recognizing  the  personal  element 
which  enters;  into  the  production  of  smoke  in  many  instances, 
we  have  been  working  at  the  University  of  Pittsburgh  on  a 
‘‘smoke  monitor”,  an  instrument  to  be  so  adjusted  that  a  bell 
will  ring  when  smoke  of  a  certain  density  is  being  produced. 
For  instance,  if  the  city  ordinance  prohibits  smoke  of  greater 
density  than  No.  3,  this  smoke  monitor  will  cause  a  bell  to  ring  in 
the  fire  rooms  whenever  smoke  of  that  density  is  produced.  At 
present  it  seems  to  work  very  well  and  I  think  will  cause  tin* 
fireman  to  do  his  duty  better  than  in  the  past. 


Mr.  A.  Stucki  :  I  looked  into  one  plant  using  pulverized 
coal  very  much  in  detail  several  years  ago,  and  I  think  everv 
word  Mr.  Searle  said  is  true,  but  he  did  not  lay  enough  stress 
upon  the  <|uestion  of  the  danger.  If  coal  is  pulverized  to  about 
40  mesh  it  is  necessary  to  be  careful  or  it  will  get  into  the  atmos¬ 
phere  and  form  an  explosive  substance.  I  know  of  one  case 
where  that  happened.  Then  as  to  the  question  of  cost,  it  looks 
to  me  a  rather  serious  question  to  pulverize  360  tons  of  coal  in 
24  hours.  That  means  expense  and  should  carefully  be  consider¬ 
ed,  especially  when  we  have  such  other  means  of  burning  coal  eco¬ 
nomically  as  Mr.  Searle  has  spoken  of.  Pulverized  coal  is  also 

verv  hard  on  boilers  whenever  it  strikes  them. 

•/ 


The  Author:  When  I  first  visited  Lebanon,  about  2j/> 
years  ago,  the  American  Iron  &  Steel  Company  were  burning 
about  100  tons  of  powdered  coal  a  day.  On  a  second  visit,  in 
•January  of  this  year,  they  were  burning  over  300  tons  of  pow¬ 
dered,  not  pulverized,  but  actually  powdered  coal.  They  had 
found,  during  their  preliminary  experiments  covering  something 
over  a  year,  that  they  were  not  powdering  the  coal  fine  enough, 
and  that  if  they  would  get  it  fine  enough  so  that  the  moment  it 
left  the  tip  of  the  nozzle  inside  of  the  furnace  ignition  would 
occur,  thev  would  have  the  difficulty  corrected.  After  securing 
this  result  they  equipped  all  furnaces  for  powdered  coal  as  fast 
as  they  could  build  the  apparatus,  and  for  two  years  they  have 
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been  operating  all  their  furnaces  with  this  fuel,  except  three 
^■oilers  which  are  too  far  away  from  the  coal  supply.  They  have 
85  furnaces,  mostly  metallurgical,  using  powdered  coal. 


During  the  ten  years  since  they  first  experimented  with  pow¬ 
dered  coal,  they  have  not  had  an  explosion,  although  the  attend¬ 
ants  have  been  careless  at  times  in  shutting  down  a  furnace  and 
have  not  cut  off  the  fuel  supply,  when  the  coal  would  burn  back 
into  the  hopper.  In  such  a  case,  they  fill  the  hopper  with  more 
fuel  of  the  same  kind.  Their  powdering  mill  is  practically  air¬ 
tight  and  they  have  no  fire  in  the  building  in  which  this  machine 
is  located.  The  coal  is  conveyed  from  this  mill  to  all  parts  of 
the  plant  by  power  driven  conveyors,  and  they  keep  the  hopper 
at  each  furnace  full  or  nearly  so.  These  hoppers,  T  judge,  hold 
anywhere  from  a  half  ton  to  two  tons  each. 


As  to  the  cost  of  firing  approximately  85  furnaces,  there  are 

four  men,  two  in  the  stock  house,  one  at  the  powdering  mill  and 

one  going  around  regulating  the  gates  to  the  different  hoppers. 

It  is  safe  to  sav  that  if  those  furnaces  were  fired  by  hand  one 

man  would  not  handle  over  half  a  dozen,  and  usuallv  thev  do  not 

%/  %/ 

do  as  well  as.  that. 

Nothing  but  the  inert  non-combustible  matter  in  the  fuel 
seems  to  be  lost.  The  slag  which  comes  out  of  the  furnace  is  as 
nearly  white  as  the  white  ash  this  coal  will  produce;  there  is 
no  carbon  in  it.  As  for  dust  in  the  surrounding  atmosphere,  we 
inquired  and  we  observed  at  different  times  during  the  day,  and 
did  not  find  any  of  the  ashes  or  dust  on  clothes  or  hat,  and  no 
one  in  the  town  complained  of  it.  But  suppose  all  the  ash  did 
go  out  of  the  stack.  Do  we  not  get  it  in  any  method  or  system 
of  firing  ?  And  not  only  that,  but  a  lot  of  fine  coke  dust  with  it. 
and  usually  the  addition  of  much  disagreeable  soot. 

As  far  as  danger  is  concerned,  there  is  no  element  of  danger 
introduced  by  the  firing  of  coal  in  the  powdered  form,  as  coal 
dust  must  be  in  suspension  to  explode.  Coal  in  the  powdered 
form  seems  to  me  to  approach  the  ideal  fuel  very  closely.  There 
are  now  a  great  many  excellent  stokers  on  the  market,  and  it  is 
not  at  this  date  absolutely  necessary  to  burn  powdered  coal  in 
Pittsburgh  to  produce  a  smokeless  stack  and  high  furnace  effi- 
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oiency,  but  it  promises  to  be  another  excellent  way  of  getting 
very  high  efficiency  out  of  fuel. 

Mr.  H.  C.  Cronemeyer:  Referring  to  the  effect  of  pow¬ 
dered  coal  on  boiler  tubes,  I  think  that  there  might  be  some 
trouble  owing  to  the  intense  concentrated  heat.  The  foreman  of 
a  boiler  plant  using  blast  furnace  gas  recently  told  me  that  his 
boiler  tubes  blister  very  rapidly  when  hit  by  the  gas  flame. 
These  boilers  cannot  regularly  be  operated  at  the  capacity  they 
are  otherwise  capable  of  producing  for  fear  of  blistering  the 
tubes  in  a  short  time.  This  same  foreman  related  a  case  of 
similar  trouble  in  another  boiler  plant  using  natural  gas.  In 
using  producer  gas,  I  understand  trouble  has  been  experienced 
in  the  past,  because  the  high  temperature  melted  down  the  boiler 
walls.  I  would  like  to  ask  how  powdered  coal  acts  for  verv 
rapid  fluctuations  in  power  demand? 

The  Author  :  At  the  plant  at  Lebanon  they  do  not  shoot 
the  coal  against  the  tubes  but  project  the  fuel  downward  toward 
the  hearth,  and  they  can  regulate  the  quantity  of  fuel  as  quickly 
as  an  ordinary  valve  can  be  regulated.  It  is  not  necessary  to 
wait  for  the  fire  to  pick  up,  as  they  turn  this  fuel  on  or  off  just 
as  they  would  gas  or  oil.  They  have  no  trouble  from  fluctuations 
of  temperature. 

They  do  not  burn  out  any  additional  tubes  because  they  pro¬ 
ject  the  fuel  downward  toward  the  bottom  of  the  furnace  of 
combustion  chamber.  They  take  the  grate  bars  out  and  line 
the  entire  furnace  with  firebrick.  The  works  of  this  company 
are  in  the  anthracite  region,  but  they  get  their  coal  from  the 
Pittsburgh  district. 

We  cannot  get  too  high  a  temperature,  no  matter  what  the 
fuel  may  be,  if  the  boiler  is  practically  clean.  The  larger  pas¬ 
senger  locomotives  on  the  Pennsylvania  Railroad,  for  instance, 
at  times  burn  3000  lb.  of  coal  per  hour.  These  locomotive  boil¬ 
ers,  with  approximately  2500  sq.  ft.  of  heating  surface,  which 
in  our  stationary  practice  would  rate  at  about  250  h.  p.,  develop 
1500  h.  p.  as  locomotives  boilers.  And  yet,  while  often  forced 
to  about  six  times  our  stationary  boiler  practice,  there  is  no 
extraordinary  destruction  of  tubes. 


492  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

Mr.  ,C.  H.  Day  :  How  dry  is  the  coal  ? 

The  Author:  I  understand  that  it  has  been  only  within 
the  last  few  years  that  they  have  used  a  separate  dryer,  which  is 
a  cylinder  about  16  ft.  long  by  60  in.  diameter.  Slack  is  fed 
in  at  one  end  and  is  constantly  flowing  away  at  the  opposite  end. 
The  dryer  is  placed  at  an  incline  of  about  three  degrees  and  is 
revolved  very  slowly,  and  the  temperature  is  so  regulated  that 
by  the  time  the  coal  drops  out  at  the  opposite  end  the  moisture 
is  reduced  to  two  percent.  The  coal  is  then  taken  by  bucket 
conveyors  to  the  powdering  mill. 

Mr.  S.  P.  Grace:  Is  the  West  Penn  Railways  Company 
burning  powdered  coal? 

Mr.  W  E.  Porter  Our  firm  shipped  a  pulverizer  to  the 
West  Penn  Railways  Company  at  Connellsville,  who  have  been 
making  various  applications  of  it  in  their  plant,  but  with  what 
results  I  have  not  been  informed1.  However  I  saw  a  letter  from 
the  engineer  in  charge,  the  other  day,  saying  that  they  had 
been  able  to  obtain  14  percent  of  C02  and  had  an  average  of 
about  eleven  percent  in  operation.  We  expect  soon  to  make 
some  tests  with  powdered  coal  at  this  plant. 

Mr.  S.  P.  Grace  :f  I  would  like  to  call  attention  to  the 
effect  of  coal  smoke  in  the  atmosphere  on  iron  and  steel  and 
galvanized  ware.  In  the  telephone  business  we  use  a  great  deal 
of  galvanized  steel  and  strand  hardware  and  it  has  been  our 
experience  in  the  Pittsburgh  district  that  material  of  this  kind 
deteriorates  two  or  three  times  more  rapidly  than  in  other  cities 
where  there  is  not  so  much  smoke.  From  some  experiments  we 
made  and  some  data  we  got  from  Dr.  Phillips  of  the  University 
of  Pittsburgh  we  came  to  the  conclusion  that  the  corrosion  was 
caused  not  so  much  by  the  gases  that  might  be  in  the  air  as  by 
the  soot  particles  deposited  on  the  surfaces  of  the  materials. 
When  these  soot  particles  become  moist  the  entrained  S02  is 
turned  into  sulphuric  acid,  thus  setting  up  an  electro-chemical 
action  which  rapidly  destroys  the  zinc  coating,  and  of  course 

♦Engineer  with  Blake  Pulverizer  Co.,  Pittsburgh. 

tPlant  Superintendent,  Central  District  Printing  and  Telegraph  Com¬ 
pany,  Fulton  Building,  Pittsburgh. 
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as  soon  as  the  zinc  coating  is  destroyed  the  iron  will  rust  away 
very  rapidly. 

The  Author  :  That  is  one  of  the  principal  reasons  why 
we  ought  to  get  rid  of  the  smoke.  I  spoke  of  that  at  some  length 
in  my  paper. 

Mr.  W.  E.  Porter:  It  seems  that  Mr.  Monnette  took  ex¬ 
ception  to  what  Mr.  Searle  said  regarding  the  consumption  of 
smoke,  although  he  did  not  say  so  in  so  many  words.  There  is 
a  familiar  laboratory  experiment  which  will  prove  clearly  that 
Mr.  Searle ’s  statement  is  correct.  Place  a  quantity  of  coal  in 
a  retort,  putting  it  over  a  flame,  have  the  retort  fitted  with  a 
glass  tube  and  the  end  of  the  tube  inserted  in  the  hole  of  an 
ordinary  argand  burner.  You  can  watch  the  smoke  going  over 
in  this  tube  and  on  coming  in  contact  with  the  flame  of  the 
argand  burner  it  will  be  entirely  consumed,  and  it  does  not 
matter  how  long  the  tube  or  how  dense  or  cool  the  gases. 

The  Author  :  Mr.  Monnett  did  not  agree  that  smoke  could 
be  burned  after  it  was  made,  that  it  should  not  be  called  smoke. 
What  is  it?  It  is  solid  carbon  and  it  is  the  thing  that  colors 
the  smoke,  or  to  put  it  more  correctly,  it  colors  the  products  of 
our  furnace,  of  which  it  is  a  part,  and  you  can  burn  that  carbon. 

All  you  have  to  do  is  get  the  temperature  high  enough  and 
keep  it  up  long  enough  and  supply  the  necessary  oxygen,  and 
if  any  soot  is  passing  through  your  combustion  chamber  you  an* 
sure  to  prevent  its  reaching  the  stack  as  soot,  no  matter  how 
black  it  may  have  passed  over  the  bridge-wall. 

Mr.  W.  0.  Amsler  :  In  what  shape  does  the  sulphur  leave 
the  chimney  when  firing  by  hand,  and  in  what  shape  when  firing 
by  machine? 

Mr.  Porter:  I  might  explain  that  in  this  way.  Sulphur 
has  an  affinity  for  almost  anything  it  cau  come  in  contact  with, 
and  on  being  evolved  it  attaches  itself  to  the  carbon,  because 
the  carbon  is  present  in  such  great  quantities,  and  the  larger 
the  particles  of  carbon  or  soot,  the  more  sulphur  is  conveyed 
thereby. 

Mr.  W.  0.  Amsler:  Does  it  produce  carbon  disulphide? 
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Mr.  W.  E.  Porter:  It  is  not  a  chemical  union,  merely  a 
mechanical  combination,  or  we  might  say  an  affinity. 

Mr.  Elias  Chesrown  :  I  would  like  to  ask  Mr.  Searle 
whether  he  is  familiar  with  the  powdering  device  which  is  in 
use  a  short  distance  from  Pittsburgh  where  bituminous  coal  is 
delivered  in  front  of  the  furnace  in  about  buckwheat  size,  about 
like  rice  or  wheat,  and  then  is  powdered  in  a  combined  pulver¬ 
izing  and  blowing  device  and  blown  directly  into  the  furnace 
in  that  shape?  It  seems  to  me  that  would  eliminate  the  danger 
that  has  been  referred  to  in  using  powdered  coal  and  storing  it. 

During  the  past  week  I  was  asked  to  look  over  the  specifica¬ 
tions  and  plans  for  a  calcining  plant  in  the  east  where  they 
contemplate  powdering  the  coal  and  storing  it  in  powdered  form. 
It  looks  to  me  as  if  the  other  device  is  the  better,  and  as  I  saw 
it  in  operation  it  seemed  very  successful,  though  I  did  not  have 
opportunity  to  investigate  it  closely.  The  flame  inside  the 
furnace  looked  altogether  like  a  natural  gas  flame.  I  believe 
there  is  a  device  in  operation  within  two  or  three  blocks  of  this 
building  that  is  using  practically  the  same  method. 

The  Author  :  In  our  experience  in  Pittsburgh  for  the 
last  twelve  or  fifteen  years  the  trouble  has  been  that  we  could 
not  burn  pulverized  coal  quickly  enough,  it  would  drop  on  the 
hearth  and  build  up  and  soon  pile  above  the  tuyeres.  The  Car¬ 
negie  Steel  Co.,  at  their  lower  Union  Mills,  spent  a  great  deal 
of  money  trying  to  burn  pulverized  coal  eight  or  nine  years  ago. 
The  thing  they  found  at  the  plant  in  Lebanon,  is  that  they  must 
have  powdered  coal  fine  enough  so  that  it  will  all  ignite  the 
moment  it  leaves  the  tip  of  the  nozzle.  It  must  not  get  to  the 
hearth  as  a  solid. 

The  feasibility  of  powdering  coal  in  a  large  central  plant 
for  this  whole  manufacturing  district  has  been  suggested.  I 
imagine  that  would  not  do  at  all  in  this  climate,  because  usually 
our  atmospheric  moisture  would,  if  the  coal  were  left  in  cars 
ever  night,  cake  it  by  the  next  morning.  To  be  a  success,  I 
imagine  it  must  go  into  the  furnace  soon  after  it  is  powTdered. 
I  am  speaking  from  experience  with  coal  dust  settling  and  cak¬ 
ing  in  damp  places  around  our  mines,  rather  than  from  any 
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specific  information  gained  upon  this  point  at  Lebanon.  I  have 
been  informed  that  the  parties  who  are  exploiting  this  process 
in  Pittsburgh  are  not  using  separate  drying  devices  but  are 
succeeding  in  eliminating  enough  of  the  moisture  in  the  coal 
during  the  process  of  powdering.  I  have  as  yet,  however,  no 
reliable  data  upon  the  operation  of  either  of  the  Pittsburgh 
machines  or  processes. 

Dr.  F.  C.  Phillips:*  As  is  well  known,  the  combustion  of 
soft  coal  in  an  ordinary  stove  or  boiler  fire  involves  two  distinct 
processes.  First:  A  distillation  process  when  soot  is  produced 
with  gas,  tar,  ammonia,  hydrogen  sulphide  and  various  vapors. 
Second :  Combustion  of  the  residual  coke.  The  soot  formed 
consists  of  free  carbon  of  a  very  porous  texture  carrying  with  it 
tarry  matters,  ammonia,  sulphur  compounds,  and  moisture  with 
a  little  earthy  matter  from  the  ash  of  the  coal.  The  final  burn¬ 
ing  of  the  residual  coke,  containing  pyrite  or  sulphide  of  iron, 
yields  sulphurous  acid  gas  and  sulphuric  acid  as  a  fine  spray  or 
vapor.  The  soot  readily  absorbs  and  holds  these  acids  of  sul¬ 
phur  and  the  ammonia  of  the  soot  suffices  usually  to  neutralize 
them  forming  finally  ammonium  sulphate.  In  the  case  of  coal 
very  high  in  sulphur  the  soot  formed  may  contain  free  sulphuric 
acid  in  case  that  the  ammonia  is  not  sufficient  to  neutralize  it. 

I  have  not  examined  into  the  question  lately,  but  I  had  oc- 
cation  to  do  so  some  years  ago  and  found  that  Pittsburgh  soot 
•lid  not  contain  free  sulphuric  acid.  While  the  forms  of  com¬ 
bustion  of  the  various  elements  of  soot  are  not  fully  understood 
from  an  exact  chemical  standpoint,  enough  is  known  to  fully 
enable  us  to  judge  correctly  of  its  effects  in  the  household  and 
upon  health.  The  tarry  or  oily  matters  of  soot  cause  it  to 
adhere  to  surfaces  and  thus  increase  its  tendency  to  disfigure 
fabrics,  etc. 

The  fortunate  circumstance  that  the  sulphuric  acid  formed 
in  burning  the  partly  coked  coal  is  neutralized  wholly  or  partly 
by  the  ammonia  formed,  does  much  to  mitigate  the  damage  due 
to  the  sulphuric  which  comes  from  the  burning  of  the  sulphur 
of  the  coal.  When  this  sulphuric  acid  is  in  excess  of  the  am¬ 
monia  each  particle  of  soot  may  contain  a  minute  quantity  and 

♦Professor  of  Chemistry,  University  of  Pittsburgh. 
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such  soot  is  corrosive  to  metals.  It  is  furthermore  supposed  to 
be  injurious  to  the  bindings  of  books  and  is  unquestionably  dele¬ 
terious  to  human  lung  tissue. 

Soot  contains  sulphur  in  a  form  prone  to  oxydation  in  pres¬ 
ence  of  air  and  moisture.  This  adds  to  the  injurious  effects  of 
the  soot. 

There  seems  to  be  sufficient  ammonia  among  the  gaseous 
products  of  the  combustion  of  coal  to  form  ammonium  sulphate- 
in  the  atmosphere,  for  the  rainwater  falling  over  Pittsburgh, 
even  when  large  volumes  are  concentrated  down,  does  not  con¬ 
tain  free  sulphuric  acid  but  ammonium  sulphate. 

Mr.  S.  P.  Grace:  In  the  tests  you  made  on  rain  water  did 
you  not  find  that  the  rain  water  was  alkaline  rather  than  acid? 

Dr.  F.  C.  Phillips:  No,  I  think  in  washing  that  sort  of 
water  we  got  a  little  sulphate  of  ammonia,  but  no  free  acid.  I 
was  rather  surprised  at  that.  There  is  enough  ammonia  formed 
in  burning  coal  to  neutralize  that  acid  as  it  is  originally  pro¬ 
duced. 

Mr.  P.  F.  Shuey  :  Mr  Grace  mentioned  a  few  moments  ago 
the  corrosion  of  galvanized  iron.  The  Research  Laboratory  of 
the  Univeristy  of  Pittsburgh  is  conducting  experiments  on  dif¬ 
ferent  building  materials,  and  as  far  as  the  experiments  have 
gone  it  would  seem  that  soot  accelerates  corrosion.  For  example, 
those  metals  which  are  exposed  directly  to  the  air  appear  more 
corroded  than  those  protected  merely  by  a  single  layer  of  cheese 
cloth,  several  inches  above  the  metal. 

The  Author  :  The  affinity  of  sulphur  for  carbon  is  such 
as  to  cause  the  soot  particles  escaping  as  products  of  the  furnace, 
when  combustion  is  incomplete,  to  contain  much  sulphur  in  the 
form  of  sulphur  dioxide,  and  the  specific  gravity  of  soot  is  such 
as  to  cause  its  greatest  deposit  within  a  comparatively  small 
radius  from  its  point  of  issue.  If,  therefore,  we  obtain  practic¬ 
ally  complete  combustion,  we  have,  of  course,  eliminated  by  far 
the  greater  portion  of  our  soot,  and  as  a  consequence  our  sul¬ 
phurous  gases  are  diffused  through  a  radius  of  far  greater  di¬ 
mensions,  and  as  a  consequence  of  this  increased  area  of  diffu- 
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sion  cease  to  be  deadly  to  foliage  and  vegetation,  and  are  no 
longer  a  menace  to  the  respiratory  system  of  man. 

Mr.  B.  F.  Burman  :  Referring  to  the  advantages  claimed 
for  powdered  fuel,  the  first  axioms  of  successful  metallurgy  as 
well  as  of  complete  combustion  are : 

First:  Preheat  the  air;  second:  Thoroughly  mix  the  air  with 
the  fuel ;  third :  Prepare  the  fuel  so  that  the  air  particles  may 
come  in  contact  with  the  greatest  possible  area.  Therefore  as 
powdered  fuel  conforms  with  this  last  rule  it  follows  as  a  matter 
of  course  that  it  is  a  better  fuel  than  lump  coal. 

A  few  years  ago  I  had  occasion  to  help  improve  conditions 
at  a  plant  in  Great  Britain  where  the  boilers  were  of  the  Lan¬ 
cashire  type,  fired  with  blast  furnace  gas  which  often  was  very 
wet.  At  such  times  the  boiler  capacity  was  entirely  insufficient. 
We  installed  a  specially  designed  combustion  chamber  in  front 
of  each  boiler  where  the  air  and  gas  was  thoroughly  mixed,  pre¬ 
heated  and  burned  before  reaching  the  boiler,  It  was  a  great 
success  and  thereafter  part  of  the  entire  boiler  capacity  could  be 
dispensed  with.  This  was  accomplished  by  following  the  two 
brst  rules  of  combustion. 

The  simplest  device  which  most  clearly  tells  the  truth  about 
the  smoke  problem  is  the  kerosene  lamp.  There  the  fuel  is  fed 
through  the  wick  and  regulated  by  a  screw,  there  is  a  chimney 
and  holes  for  air  supply  regulated  by  valves.  We  all  remember 
that  when  lighting  a  lamp  we  first  “turn  it  low”,  not  only  to 
prevent  the  glass  from  breaking,  but  also  to  heat  it  gradually  in 
crd^r  to  prevent  soot  depositing  on  it.  After  the  glass  was  hot 
we  turned  ap  the  wick,  but  only  to  a  certain  point  because  there 
was  only  one  such  point  that  gave  us  the  best  light.  If  higher, 
the  lamp  smoked,  if  lower  the  light  was  poor,  in  both  cases  in¬ 
complete  or  poor  combustion  taking  place.  That  point  is  the 
balance  point  representing  complete  and  economical  combustion 
for  the  lamp.  It  is  governed  by  a  screw  controlling  the  fuel 
supply,  the  size  of  chimney  and  the  air  valves.  In  other  words 
there  is  a  perfect  balance  between  fuel  and  air  supply.  Can 
we  find  any  better  illustration?  In  industrial  furnaces,  as  a 
rule,  the  conditions  are  not  so  favorable  and  ordinarily  it  is  im- 
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possible  to  regulate  the  conditions  without  special,  continued 
precautions  in  order  to  keep  up  that  balance  point. 

If  the  only  object  of  our  fight  is  to  prevent  smoke  let  us  do 
like  those  who  lead  the  exhaust’  steam  through  the  chimney, 
there  is  a  fine  example  of  this  method  close  by,  or  like  those 
who  pull  an  enormous  amount  of  air  through  the  furnace.  In 
both  cases  there  is  no  smoke,  or  at  least  it  is  only  light  in  color, 
to  the  entire  satisfaction  of  all  concerned1.  (?) 

An  analysis  of  these  gases  will  be  interesting.  For  years 
the  engineer  has  not  been  able  to  reach  more  than  about  six  per¬ 
cent  CO 2  at  a  flue  gas  temperature  of  about  600  deg.  fahr. 
Thus  the  boiler  furnaces  have  been  operating  with  about  200 
percent  excess  air  and  a  loss  incurred  of  about  18  percent  of 
coal  which  could  have  been  prevented.  The  ashes  have  been 
carrying  30  percent  carbon  which  adds  six  or  eight  percent  to 
the  loss,  making  total  preventable  loss  of  about  25  percent. 

Let  us  work  for  economical  combustion  and  smoke  will  dis¬ 
appear  as  a  matter  of  course.  Automatic  flue  gas  analysis  is 
the  only  absolutely  sure  way  of  dealing  with  the  smoke  problem. 
With  a  CO 2  recorder  as  a  guide  we  are  able  to  closely  approxi¬ 
mate  the  ideal  conditions  of  the  kerosene  lamp  whether  the 
iurnace  is  equipped  with  stoker  or  not.  Like  a  pilot  with  his 
hands  on  the  wheel  and  his  eyes  on  the  compass,  so  the  man  in 
charge  of  the  furnace  will  hold  his  hands,  figuratively  speaking, 
on  the  damper  and  fuel  feed  and  his  eyes  on  the  C02  recorder 

Economical  combustion  is  based  on  automatic  fluegas  analy¬ 
ses  and  this  the  solution  of  the  smoke  problem.  Its  application 
to  practical  conditions  sometimes  may  be  difficult,  as  when  there 
is  a  variable  load,  but  if  it  is  never  tried  out  nothing  can  be 
accomplished. 


Smoke  Prevention.  An  annotated  bibliography  of  the  subject. 
Published  in  the  May,  1907,  monthly  bulletin  of  the  Carnegie  Library 
of  Pittsburgh.  Can  be  obtained  free  at  the  Library,  or  will  be  for¬ 
warded  by  mail  if  request  is  sent  to  E.  H.  McClelland,  Technology 
Librarian,  with  five  cents  to  cover  costs. 


PRACTICAL  PYROMETRY  IN  THE 
IRON  AND  STEEL  INDUSTRIES 


By  S.  H.  Stupakoff* 


Pyrometers  find  extensive  application  in  all  branches  of  the 
iron  and  steel  industries.  They  are  guides  to  determine  the  true 
temperature  conditions  accompanying  metallurgical  processes. 

We  require  heat  to  extract  metals  from  ores;  materials  must 
be  subjected  to  heat  to  give  them  desired  forms  and  shapes; 
and,  above  all,  we  need  heat  to  impart  to  our  products  specific 
qualities.  To  measure  the  intensity  of  such  varying  quantities 
of  heat  we  must  have  suitable  physical  instruments. 

All  operations  which  fall  under  the  general  heading,  “heat 
treatment”  must  be  performed  within  definite,  narrow  limits  of 
temperature.  In  this  manner  alone  we  can  arrive  at  the  sought 
for  results. 

Our  bare  senses,  unassisted,  may  serve  to  estimate  a  few 
of  the  most  suitable  working  conditions  for  our  materials,  pro¬ 
vided  a  wide  range  is  covered ;  but  they  are  absolutely  unfit, 
as  they  were  not  designed  to  determine  with  sufficient  accuracy 
the  finer  shades  of  temperatures  which  must  be  adhered  to  in 
some  processes  of  heat  treatment  to  produce  qualities  of  definite 
description.  This  leaves  no  choice,  but  to  resort  to  mechanical 
or  physical  means  and  apparatus  which  are  adapted  and  de¬ 
signed  to  reliably  indicate  or  record  physical  quantities. 

The  temperatures  employed1  in  the  various  branches  of 
the  iron  and  steel  industries  run  from  3000  deg.  fahr.  and  over, 
down  to  almost  the  boiling  point  of  water.  The  highest  occur 
in  the  electric  furnace,  in  the  thermit  process  and  in  opera¬ 
tions  executed  with  the  aid  of  oxy-acetylene  flames.  The  effect 

♦Engineer  and  Physicist,  Stupakoff  Laboratories,  Pittsburgh. 

Presented  before  the  Mechanical  Section  April  2nd,  and  published  in  th* 
July,  1912  Proceedings. 
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of  very  low  temperatures  on  the  properties  of  steel  is  shown 
by  the  aging  of  permanent  magnets,  and  by  the  change  of 
temper  of  delicate  springs,  which  is  quite  noticably  affected  by 
prolonged  exposure  to  the  heat  of  live  steam  pipes. 

Reviewing  specific  branches  of  the  iron  and  steel  industries 
we  find  that  in  blast  furnace  practice  high  temperatures  must 
be  employed  for  smelting  iron  ores.  It  has  been  observed  that 
the  region  of  the  tuyeres  in  furnaces  attain  more  than  3700  deg. 
fahr.  The  metal  commences  to  fuse  at  about  2500  deg.,  and  at 
the  end  of  the  fusion  it  reaches  a  temparature  of  2850  deg. 
fahr.  It  ranges  usually  between  2850  and  2900  deg.  when  flow¬ 
ing  from  the  taphole. 

The  temperatures  which  exist,  and  the  chemical  reactions 
which  take  place  in  various  portions  of  the  blast  furnace  have 
been  diagramatically  shown  by  Bell,  and  later  by  other  writers 
on  the  subject.  They  may  be  somewhat  hypothetical,  but,  never¬ 
theless,  give  a  plausible  explanation  of  what  is  going  on  within 
the  furnace;  they  are  instructive,  give  much  room  for  thought 
and  should  prove  to  be  of  general  interest,  wherefore  a  repro¬ 
duction  of  one  of  these  diagrams  is  given  in  Fig.  1. 

A  summary  of  the  principal  blast  furnace  reactions  is  given 
in  the  following  table : 


TABLE  NO.  1. 

BLAST  FURNACE  REACTIONS. 

The  reducing  action  of  CO  on  the  oxygen  of  iron  ores  varies  with  physi- 


141°C 

150 


cal  nature  of  the  ores. 

On  precipitated  oxide  it  is . weak  at 

but  more  noticeable  . at 

On  a  roasted  carbonate  it  does  not  begin  below .  200 

however,  it  is  active  for  all  ores . at  400 

This  process  is  opposed  by  the  inverse  reaction  of  C02 
on  the  reduced  iron  and  the  sub-oxides  resulting  in  pro¬ 
duction  of  CO.  Its  intensity  varies  with  the  quality  and 

nature  of  the  coke  between  425°C  and  600°C . 

This  reaction  is  active  with  all  kinds  of  combustibles  at 
The  passing  of  a  current  of  CO  through  reduced  iron.. at 
produces  a  deposit  of  carbon.  Some  ores  will  absorb  in 
this  manner  within  6  hours  more  than  the  weight  of  iron 
they  contain,  while  they  lose  not  more  than  y3  of  their  O. 

The  reduction  of  iron  oxides  through  carbon  commences  at  425 
and  progresses  more  and  more  rapidly  up  to  white  heat 

The  reduction  of  iron  oxides  through  CO  commences  at  260 

is  most  active  . at  540 

whereas  it  is  lessened  at  higher  temperatures. 


(Approx  ) 


800°F 

800°C 

410 


285°F 

300 

390 

750 


1110°F 

1475°F 

700 


800 

600 

1000 
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The  gas  contains  more  than  3  volumes  of  CO,  to  2  vol¬ 
umes  of  CO  . at 

and  acts  in  this  case  oxidizing. 

The  same  reaction  is  taking  place  with  1  volume  C02 

to  2  volumes  of  CO . above 

Reduction  of  easily  reducible  fine  ores  commences. ..  .at 

Coarse  ore  is  best  reduced  . at 

High  temperatures  assist  the  formation  of  CO;  no  oxi¬ 
dation  of  the  metal  can  take  place . above 

It  is  possible  that  contact  of  reduced  iron  with  gas  rich 
ir.  CO  may  cause  the  reduction  of  Fe  j_CO — FeO_!_C.  .below 
which  finally  may  be  further  oxidized  to  FeO^Fe^Oj  by 

parting  with  solid  C.  This  is  not  possible . above 

as  the  carbon  then  formed  will  again  disappear. 

Limestone  decomposes . at 

Records  accomplished  with  blast  temperatures  not  ex¬ 
ceeding  . 

are  unequalled  by  better  equipped  plants  using  equal  stock. 

The  Styrian  Wbrna  furnace  produced  a  ton  of  iron  with 
70  percent  fuel  (1585  lb.  charcoal)  with  the  blast  heated  to 
Maximum  theoretical  temperature  obtainable  at  the  tuy< 

using  cold  (0°C)  dry  air . 

using  dry  air  heated  to  600°C — 1112°P . 


540 

1000 

815 

1500 

400 

750 

600 

1110 

650 

1200 

647 

1197 

650 

1200 

875 

1600 

595 

1100 

425 

800 

Tes: 

1678 

3053 

2180 

3956 

1859 

3378 

1367 

2493 

The  operation  of  blast  furnaces  is  subject  to  considerable 
fluctuation ;  yet  they  must  be  kept  under  absolute  control.  Their 
regular  working  is  influenced  by  the  variety  of  ores,  the  char¬ 
acter  of  fuel  and  fluxing  materials  used.  It  is  dependent  on 
the  temperature  and  pressure  of  the  blast,  moisture  contained 
in  the  atmosphere  and  the  distribution  of  the  charge.  It  may 
be  necessary  to  make  the  iron  grayer  by  increasing  the  silicon 
or  reducing  the  sulphur,  or  it  may  be  necessary  to  reduce  the 
temperature  to  overcome  temporary  troubles.  There  occur  slips 
and  scaffolds,  hangings  and  top  explosions,  and  it  is  expected 
that  all  should  be  foreseen  and  promptly  counteracted,  so  that 
accidents,  which  may  cost  human  lives,  may  be  prevented,  or  at 
least  be  reduced  to  a  minimum.  Much  can  be  done  in  this  direc¬ 
tion  by  judicious  temperature  regulation  of  the  blast.  Prompt 
action  is  imperative  when  irregularities  occur.  The  prime  fac¬ 
tors  in  blast  furnace  practice  are  temperature  conditions.  When 
it  becomes  necessary  to  know  them  there  is  no  time  to  be  lost, 
in  order  that  they  may  be  changed  at  a  moments  notice. 

The  temperature  of  the  blast  greatly  affects  the  reactions 
going  on  within  the  furnace  and  also  the  nature  of  the  resulting 


CHEMICAL  ACTION 
PER  CENT 
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product.  Sometimes,  as  in  cold  blast  furnaces,  it  is  applied  at 
atmospheric  temperature;  sometimes  as  in  pipe  stoves  it  is  pre¬ 
heated  to  from  700  to  900  deg.  fahr. ;  and  again,  in  modern 
Cooper  brick  stoves  the  temperature  is  brought  up  to  from  1100 
to  1400  deg.  The  preheating  of  the  blast  determines  the  temp¬ 
erature  before  the  tuyers.  Quoting  from  W.  J.  Richard’s  Metal- 
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lurgical  Calculations ,  the  raising  of  the  temperature  of  the  blast 
from  32  to  1850  deg.  fahr.  results  in  raising  that  before  the 
tuyeres  from  1550  to  4500  deg.  This  difference,  however,  depends 
also  on  the  content  of  moisture  in  the  air,  which  in  all  cases 
when  fully  charged  will  depress  the  resulting  temperature  before 
the  tuyeres  about  685  deg.  fahr.  below  that  which  would  be  ob¬ 
tained  with  absolutely  dry  air.  Therefore,  we  have  a  drop 
which  is  practically  equivalent  to  10  deg.  cent,  for  each  granim 
of  moisture,  or  very  nearly  40  deg.  fahr.  per  grain.  It  is  illustrat¬ 
ed  in  the  diagram  2  Fig.  2. 

The  gases  escaping  from  the  top  of  a  furnace,  and  passing 
into  the  downcomer  should,  for  economical  reasons,  leave  at  as 
*  low  a  temperature  as  possible.  It  has  been  stated  that  they  vary 
between  400  and  1000  deg.  fahr.  Though  the  writer  has  ob¬ 
served  them  lower  than  that,  let  these  be  taken  as  the  limits, 
and  it  can  be  readily  calculated  that  while  about  550  B.  t.  u. 
per  pound  of  iron  smelted  are  carried  off  with  the  gases  escap¬ 
ing  at  400  deg.,  the  quantity  is  increased  to  1350  B.  t.  u.  when 
the  gases  leave  at  1000  deg.  fahr.  This  is  equivalent  in  the  first 
case  to  about  4 y2  percent  and  in  the  second  to  about  11  percent 
of  the  total  fuel  consumption. 

It  is  not  surprising  that  under  such  conditions,  blast  furn¬ 
ace  managers  should  insist  upon  keeping  systematized,  continu¬ 
ous  records  of  all  temperatures  which  are  of  moment  to  the 
protection  of  life  and  limb,  the  safety  of  the  plant,  economy  in 
production  and  to  the  quality  and  value  of  their  products. 
Therefore,  we  find  pyrometers  in  all  modern  blast  furnaces  to 
measure  at  least  the  temperature  of  the  blast  and  that  of  the 
gases  entering  the  downcomer;  and  quite  frequently  to  deter¬ 
mine  the  temperature  of  the  stoves. 

Accidental  burnouts  in  the  older  pipe  stoves  were  not  un¬ 
common.  They  always  involved  great  losses.  Reliable  pyro¬ 
meters,  judiciously  distributed  and  applied,  would  have  paid  in 
such  cases  manv  times  their  first  cost. 

2 A  portion  of  this  diagram  was  given  in  a  paper  on  Cupola  Thermics 
presented  by  the  writer  in  June  1908  at  the  annual  meeting  of  the  Ameri¬ 
can  Foundrymen’s  Association. 


Fig.  2.  Thermal  Temperatures  before  the  Tuyeres  of  Blast  Furnaces. 
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The  writer  said  in  his  paper.  “The  Pyrometer  in  Blast 
F'urnace  Practice  ’  ’  :* 

“Various  appliances  have  been  used  for  the  purpose.  Some  were 
more  and  others  less  successful.  One  instrument  had  to  make  room 
for  another;  the  principal  ones  used  were  Siemens’  copper  ball  pyro¬ 
meter,  expansion  pyrometers  of  various  makes,  first  Siemens’  and  then 
Callender’s  electrical  resistance  pyrometer,  Uehling  and  Steinbart’s 
pneumatic  pyrometer  and  finally  Le  Chatelier’s  thermo  electric  pyro¬ 
meter.  All  had  a  fair  show.  Most  of  them  are  still  used,  though 
some  only  in  isolated  instances,  gradually  but  surely  to  be  replaced  oy 
those  best  fitted  for  the  work. 

C.  R.  Alder  Wright  severely  critized  the  copper  ball  pyrometer. 
Sir  Lowthian  Bell  spoke  on  the  same  subject  at  the  pyrometer  ses¬ 
sion  of  the  Iron  and  Steel  Institute.  He  said  that  he  used  the  Sie¬ 
mens’  pyrometer  for  the  simple  reason  he  could  get  no  other.  He 
could  speak  with  the  utmost  confidence  of  the  general  accuracy  of  that 
simple  piece  of  apparatus.  But  furnace  men  required  a  great  deal 
more  than  that,  they  required  to  be  able  to  ascertain  what  the  tem¬ 
perature  was  at  he  various  points  of  the  blast  furnace  immediately. 
Le  Chatelier  pyrometers  entirely  fulfilled  these  conditions.” 

These  remarks  were  made  eight  years  ago;  there  is  nothing 
to  be  added,  they  are  true  today. 

Fig.  3  illustrates  the  application  of  a  Le  Chatelier  pyro¬ 
meter  to  the  bustle  pipe,  of  a  blast  furnace,  as  designed  by  the 
writer  some  12  or  13  years  ago. 

The  platinum,  platinum-rhodium  thermo-couple  is  enclosed 
in  suitable  strong  metallic  fitting.  The  fire  tube,  preferably 
made  of  pure  nickel,  or  of  nickel  alloy,  which  is  closed  at  its 
extreme  end,  is  screwed  into  a  substantial  brass  plug  with  wing¬ 
ed  handles  which  fits  gun  lock  fashion  in  the  female  threaded 
portion  of  a  flange. 

The  same  fitting  can  be  used  without  change,  excepting 
the  curvature  of  the  cast  iron  flange,  with  equal  facility  at  the 
gas  main,  at  the  downcomer,  at  the  stoves,  or  at  any  other  de¬ 
sirable  place;  and  if  the  pyrometers  are  of  identical  electro¬ 
motive  force,  which  they  should  be,  either  one  may  take  the 
place  of  another.  An  indicating  galvanometer  and  switchboard, 
which  latter  serves  to  connect  either  one  of  the  existing  thermo¬ 
couples  with  the  former,  is  generally  located  in  a  small  room 

♦Read  before  the  American  Foundrymen’s  Association.  November  7th, 

1904. 
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Dear  the  furnace  known  as  “the  dog  house.”  This  is  for  guid¬ 
ance  of  the  blast  furnace  foreman,  who  always  has  access  to  it. 
If  autographic  recording  instruments  are  used,  they  are  usually 
located  in  the  superintendent’s  office.  With  high  resistance 
instruments  no  difficulties  are  encountered  in  such  an  arrange¬ 
ment,  even  should  the  distance  be  1000  ft.  or  more. 

The  indicating  and  recording  instruments  require  a  solid 
foundation,  and  they  should  be  enclosed  in  dust  proof  glass 
cases  to  render  satisfactory  service.  A  convenient  way  of  mount¬ 
ing  them  is  shown  in  Fig.  4.  It  will  be  noted  that  the  brick 
pier  which  carries  the  glass  case  is  surrounded  by  a  railing. 


Fig.  3.  Application  of  Le  Chatelier  Pyrometer  to  Bustle  Pipe  of 

Blast  Furnace. 

There  are  good  reasons  for  applying  this  safeguard.  We  know 
that  the  first  thing  everyone  does  who  intends  to  look  at  an 
instrument  of  this  kind  is  to  search  for  a  convenient  place  to 
lean  on,  and  the  rim  of  the  glass  casing  is  selected  as  a  suitable 
resting  place,  though  this  will  always  throw  the  instrument  more 
or  less  out  of  adjustment.  I  have  seen  the  edges  of  such  cases 
considerably  worn  down,  notwithstanding  placards  cautioning 
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persons  not  to  lean  on  them.  The  railing  provides  for  the 
comfort  of  the  observer,  and  at  the  same  time  is  an  effective 

f  * 

means  to  prevent  disturbing  the  instrument. 

It  is  well  known  that  instruments  of  this  kind  should  have 
as  high  a  resistance  as  possible.  This  will  minimize  possible 
errors.  A  high  resistance  is  at  the  same  time  the  best  guarantee 
for  superior  workmanship  and  construction,  and  it  is  repre¬ 
sentative  of  high  class  apparatus  only.  Le  Chatelier  recom¬ 
mended  not  less  than  240  ohms  for  a  full  deflection  of  18  milli- 


Pig.  4.  Mounting  for  Stationary  Galvanometer. 

\olts,  which  with  a  platinum,  platinum-rhodium  thermo-couple 
represents  about  1600  deg.  cent.,  or  approximately  3000  deg. 
fahr.  They  can  now  be  had  with  about  450  ohms  for  this 
range.  The  majority  of  the  cheaper  grades  of  pyrometer 
galvanometers  now  on  the  market  usually  run  from  less  than 
one-half  an  ohm  to  about  20  ohms. 

The  most  frequent  source  of  error  in  thermo  electric  pyro¬ 
meters  is  the  undue  heating  of  their  cold  junctions.  To  give 
exact  readings  they  should1  be  kept  in  ice.  The  thermo-couples 
are  calibrated  either  under  these  conditions,  or  with  their  cold 
junctions  at  room  temperature,  usually  in  degrees  centigrade. 

In  practice  it  would  of  course  be  very  inconvenient  to 
maintain  their  temperature  at  the  ice  point,  nor  does  this  seem 
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necessary.  However,  we  meet  rarely  with,  great  difficulties  to 
keep  them  uniformly  at  about  65  deg.  fahr.  by  jacketing  them 
with  circulating  water.  At  a  blast  furnace,  at  least,  there  is 
always  sufficient  water  to  spare  for  the  purpose. 

It  may  not  be  out  of  place  to  give  here  a  more  detailed 
explanation  of  the  action  of  thermo  electric  couples  when  ap¬ 
plied  under  different  conditions.  It  is  of  course  known  that 
the  junction  of  any  two  metals  or  alloys,  when  heated  will  set 
up  a  feeble  electric  current.  This  current  stands  in  a  fixed  re- 


Rhodium  Couple  connected  to  Copper  Leads. 

lationship  with  the  heat  applied  at  the  point  of  junction.  Its 
extent  can  be  measured  by  the  deflection  of  the  needle  of  a  deli¬ 
cate  galvanometer,  and  it  can  be  readily  translated  into  meas¬ 
ures  of  temperature.  For  many  good  reasons,  which  have  been 
explained  elsewhere,  Le  Chatalier  platinum,  platinum-rhodium 
couples  have  been  universally  accepted  as  the  standard.  There- 
are  many  other  combinations  of  metals  used  for  the  same  pur¬ 
pose,  which  give  more  or  less  satisfaction  for  the  lower  ranges 
of  temperature,  but  among  all  there  is  not  a  single  one  which 
excells  it  in  constancy  and  extent  of  range  at  the  same  time. 

Now,  whether  it  be  a  Pt,  Pt-Rh,  or  any  other  type  of  thermo¬ 
electric  couple,  its  application  in  practice  demands  almost  with¬ 
out  exception  that  the  electrical  connection  between  its  free 
ends  and  the  galvanometer  be  effected  by  the  intermission  of 
other,  usually  copper,  conductors.  This  being  the  case  it  must 
be  evident  that  by  such  means  additional  thermo-couples  are 
introduced  into  the  system.  Thus,  when  a  Pt,  Pt-Rh  thermo 
couple  is  used,  we  have  one  additional  thermo- junction  at  the 
point  connecting  one  of  the  copper  leads  to  the  free  ends  of  the 
platinum  wire,  and  another  one  at  the  point  connecting  the  sec- 
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ond  copper  wire  to  the  free  end  of  the  platinum-rhodium. 
Either  one  of  these  junctions  will  generate  a  thermo  electric 
current.  These  currents  differ  not  only  from  each  other,  but 
also  from  that  generated  at  the  hot  junction,  i.  e.,  the  point 
where  the  two  elementary  wires  of  the  couple  itself  are  joined. 

Attention  is  called1  to  Fig.  5,  in  which  the  direction  of  the 

flow  of  electric  currents  is  indicated  bv  arrows.  It  will  be 

•/ 

noted  that  at  the  junction  between  the  platinum  and  the  plati¬ 
num-rhodium  wires  the  current  flows  from  the  former  to  the 
latter,  wherefore  the  Pt-Rh  becomes  the  positive  pole  of  the 
thermo-couple.  At  the  joint  between  the  Pt-Rh  and  Cu  it  flows 
in  the  same  direction,  therefore  adding  to  the  e.  m.  f.  of  the 
first;  and,  at  the  joint  between  the  Pt  and  Cu  it  flows  in  the 
opposite  direction,  which  diminishes  the  sum  of  the  other  two 
quantities. 

The  problem  becomes  somewhat  complex  since  the  e.  m.  f. 
generated  at  each  of  the  named  points  varies  from  the  other, 
increasing  not  in  simple  arithmetical  proportion,  but  by  para¬ 
bolic  progression  as  shown  in  Fig.  6.  Following  the  diagram 
it  will  be  seen  that  when  we  have  a  temperature  of  1000  deg. 
fahr.  at  the  hot  junction  (Pt,  Pt-Rh),  which  is  equal  to  4. 58 
millivolts,  and  250  deg.  at  the  cold  junctions,  we  obtain  a  plus 
of  about  0.126  millivolts  for  the  point  between  Pt-Rh  and  Cu 
and  a  minus  of  0.85  millivolts  for  the  point  between  Pt  and  Cu. 
And — 0.85  -f-  0.126  =  —  0.724  millivolts  added,  to  4.58  millivolts 
leaves  3.856  equaling  about  880  deg.  fahr  Hence  we  would  have 
in  this  instance  a  minus  error  of  150  deg.  fahr. 

While  this  may  appear  very  discouraging,  yet  in  actual 
practice  the  matter  is  not  nearly  as  complicated  as  it  is  here 
represented.  The  fact  is  that  the  error  is  very  small,  provided 
the  cold  junctions  are  kept  reasonably  low.  Up  to  about  85 
deg.  fahr.  it  amounts  to  approximately  one-half  of  the  tempera¬ 
ture  of  the  cold  junction  above  the  ice  point ;  whence,  for  in¬ 
stance,  it  is  sufficient  to  add  82  —  32  =  50  -r-  2  =  25  deg.  fahr. 
to  the  reading  of  the  galvanometer  if  the  cold  junction  should 
be  maintained  at  82  deg.  fahr.  The  sum  gives  the  true  tempera¬ 
ture  at  the  point  of  hot  junction  of  the  couple. 

The  curves  plotted  in  Fig.  7  show  the  effect  of  differences 
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of  temperatures  from  32  deg.  to  500  deg.  fahr.  at  the  points  of 
cold  junctions  of  a  platinum,  platinum-rhodium  thermo-couple. 
Curve  T  in  this  diagram  gives  the  error  caused  by  undue  heat¬ 
ing  of  the  cold  junctions  direct  in  degrees  fahrenheit.  The 
values  represented  by  this  curve  for  their  respective  equivalent 
should  be  added  in  all  instances  to  the  reading  of  the  galvano¬ 
meter,  in  order  to  correct  for  the  true  temperature  existing  at 
the  hot  junction  of  the  couple. 


Fig.  6.  Relative  E.  M.  F.  of  Metallic  Combinations  in  Platinum, 

Platinum-Rhodium  Thermo-Couples. 


It  is  thought  that  the  above  may  furnish  sufficient  argument 
in  favor  of  keeping  the  cold  junctions  of  a  thermo-couple  at 
least  uniformly  cool,  if  not  at  the  ice  point.  If  it  does  not 
accomplish  more,  it  should  assist  to  convince  the  user  that  these 
instruments  must  be  intelligently  used  to  give  true  readings; 
and  that  it  is  not  good  policy  to  cut  down  the  length  of  a  couple 
for  the  sake  of  saving  a  few  dollars  on  the  first  investment, 
thereby  inviting  difficulties  which  cannot  fail  to  cause  confus¬ 
ion,  distrust  and  dissatisfaction. 


Fig.  7.  Diagram  showing  correction  factors  for  various  Cold  Junction  Temperatures. 
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Frequent  complaints  are  heard  that  a  thermo-couple  ap¬ 
parently  does  not  indicate  the  true  temperature ;  and  when  one 
investigates  it  is  usually  found  that  a  short  couple  is  used,  which 
barely  reaches  through  the  wall  or  the  crown  of  a  highly  heated 
furnace.  It  is  seldom  that  provisions  are  made  to  keep  the  cold 
junctions  cool,  and  it  is  not  a  rare  occurrence  to  find  them 
heated  to  500  deg.  or  more,  whence  errors  arise  as  have  been 
above  indicated.  This  is  pretty  bad,  but  not  as  bad  as  trying  to 
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measure  high  temperatures,  for  example  in  the  firebox  of  a  boil¬ 
er,  with  a  12  in.  thermo-couple  with  the  cold  junctions  placed  di¬ 
rectly  in  the  hottest  portions  of  the  fire,  which  is  only  one  of  the 
many  ridiculous  applications  that  the  writer  has  encountered. 

If  it  is  important  that  variations  and  especially  fluctuations 
of  temperatures  at  the  cold  junctions  of  rare  metal  thermo¬ 
couples  should  be  avoided,  it  is  even  more  important  to  pay 
close  attention  to  this  matter  in  connection  with  base  metal 
pyrometers.  A  single  example  may  suffice. 

Fig.  8  represents  the  electro  motive  force  of  an  iron-copper 
couple,  such  as  is  formed,  for  instance,  at  one  of  the  cold  junc¬ 
tions  of  an  iron-constantan  couple.  Note  that  the  e.  m.  f.  rises 
until  the  temperature  reaches  about  500  deg.  fahr.  and  then 
falls  off,  until  at  about  900  deg.  it  again  crosses  the  zero  line. 

»  i 

We  meet  here  wTith  an  exceptional  case,  that  of  a  reverse  curve, 
representing  the  apex  of  a  parabola.  The  e.  m.  f.  of  all 
thermo-couples  wrhen  plotted  will  form  parts  of  parabolas,  but 
to  the  writer’s  knowledge  there  is  not  another  one  among  all  the 
materials  investigated  approaching  this  striking  example. 

When  two  thermo-couples  are  connected  up  in  series  they 
will  act  in  the  same  manner  as  two  cells  of  an  electric  battery; 
the  resulting  e.  m.  f.  will  be  the  sum  of  both.  An  example  is 
given  in  Fig.  9,  showing  two  curves ;  one  representing  the  e.  m.  f. 
of  a  single  Pt,  Pt-Rh  thermo-couple  and  the  other  showing  that 
of  two  couples  connected  up  in  series.  Such  an  arrangement 
proves  in  some  instances  an  advantage,  when  it  is  desired  to 
amplify  the  deflections  of  a  galvanometer. 

Among  the  various  thermo  electric  pyrometers  which  have 
been  brought  out  wTe  meet  with  combinations  of  pure  platinum 
and  platinum  alloyed  with  10  percent  of  iridium,  platinum- 
iridium  and  ruthenium,  nickel  and  constantan,  iron  and  con¬ 
st  antan,  copper  and  constantan,  nickel  and  steel,  silver  and 
constantan,  iron  and  copper  and  combinations  of  various  alloy 
steels. 

Platinum  and  platinum-iridium  was  used1  extensively  until 
about  three  or  four  years  ago,  when  it  was  established  that 
thermo-couples  of  this  combination  were  lacking  in  constancy, 
owing  to  the  volatilization  of  iridium  at  a  comparatively  low 
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temperature.  Platinum-iridium  and  ruthenium  may  be  consid¬ 
ered  as  a  mere  scientific  curiosity.  It  has  a  considerable  higher 
range  than  platinum,  platinum-rhodium,  but  it  is  of  no  practi¬ 
cal  value,  as  it  is  exceedingly  brittle  and  very  expensive.  The 
combinations  of  constantan  with  selected  pure  base  metals,  and 
also  with  pure  silver,  gives  good  results  at  low  ranges,  but  their 
usefulness  is  usually  overestimated.  The  same  overrating  is 
the  principal  cause  for  failures  met  with  in  combinations  of 

nickel  with  steels,  or  a  combination  of  various  alloy  steel.  It  is 

• 

true  that  some  of  the  latter  will  withstand  a  somewhat  higher 
temperature  than  the  constantan  group  of  base  metal  thermo¬ 
couples,  but  they  are  generally  subject  to  parasite  currents, 
falling  off  of  e.  m.  f.  and  inconstancy.  As  a  rule  it  may  be 
taken  for  granted  that  all  base  metal  thermo  couples  are  more 
or  less  subject  to  change  when  exposed  to  temperatures  above 
red  heat  through  absorption  of  gases  and  vapors.  The  relative 
e.  m.  f.  3  of  some  combinations  and  alloys  is  illustrated  in  Fig. 
10. 

CENTIGRADE 
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Fig.  9.  Curves  showing  relation  between  Temperature  and  Tkermo-E.  M.  F. 

3Plotted  form  data  quoted  by  Dr.  E.  P.  Northup  in  a  paper  presented 
before  the  American  Electrochemical  Society  in  May,  1909. 
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Thermo  electric  pyrometers  are  by  no  means  the  only  type 
of  instruments  which  are  suitable  for  the  measurements  of  high 
temperatures.  There  are,  among  others,  viscosity  and  expan¬ 
sion,  and  resistance,  as  well  as  optical  and  heat  radiation  pyro¬ 
meters,  which  have  been  extensively  distributed  for  the  pur¬ 
pose.  The  scope  of  this  paper  does  not  permit  to  enter  into  the 
details  of  all,  but  to  fill  the  gap,  it  seems  necessary  to  say  a 
few  words  regarding  the  latter  groups,  which  we  hear  quite 
frequently  mentioned. 

Electric  resistance  thermometers  are  excellent  instruments 
for  the  determination  of  very  small  variations  of  temperatures. 
A  fine  coil  of  platinum  wire  is  usually  used  as  the  medium.  Such 
wire  changes  its  electrical  resistance  in  a  certain  known  propor¬ 
tion  to  the  temperature  to  'which  it  is  being  exposed,  and  the 
change  of  resistance  can  therefore  be  used  as  a  reliable  meas¬ 
ure  for  the  latter. 

The  range  of  resistance  thermometers,  as  recommended  by 
the  most  conservative  manufacturers  lies  between  the  absolute 
zero,  — 273  deg.  cent,  and  700  deg.  cent,  for  industrial  purposes. 
The  upper  limit  for  scientific  use  is  given  by  the  same  manu¬ 
facturers  at  900  deg.  cent.  This  difference  is  based  on  time  of 
exposure,  which  in  the  first  case  is  generally  of  continuous  and 
in  the  latter  of  temporary  duration.  Other  manufacturers  of 
these  instruments  claim  that  they  are  good  for  exposures  up  to 
2200  deg.  fahr.,  but  it  is  recommended  that  such  statements  be 
accepted  with  caution. 

They  were  formerly  used  for  the  measurement  of  consid¬ 
erable  higher  temperatures,  but  their  upper  safe  limit  has  been 
cut  down  to  700  deg.  cent.,  about  1300  deg.  fahr.,  since  it  has 
been  determined  by  recent  researches  that  platinum  commences 
to  voltalize  at  about  this  point.  Electrical  resistance  depends 
directly  upon  the  mass  of  material  through  which  an  electric 
current  flows,  and  changes  in  resistance  are  therefore  bound  to 
take  place  as  soon  as  the  material  diminishes  in  mass,  even  if 
the  loss  be  ever  so  little. 

We  are  dealing  with  an  altogether  different  factor  in  thermo 
electric  pyrometers.  As  far  as  the  strength  of  the  thermo 
current  is  concerned,  it  is  immaterial,  whether  we  use  a  theremo- 
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couple  one-tenth  or  six-tenth  of  a  millimeter  in  diameter.  The 
e.  m.  f.  or  the  voltage  remains  the  same.  Volatilization  of  the 
wires  will  therefore  not  influence  their  constancy. 

Resistance  thermometers  offer  considerable  advantage  in 
that  they  are  absolutely  independent  of  resistance  in  the  leads 
or  the  line  wire,  neither  are  they  subject  to  correction  for  dif¬ 
ference  in  cold  junction  temperatures,  there  are  no  cold  junc¬ 
tions. 


Fig.  10.  Relative  E.  M.  F.  of  combinations  of  metals  and  alloys. 


There  are  at  the  present  time  at  least  three  different  types 
of  resistance  thermometers  in  general  use,  which  may  simply  be 
described  as  the  four  wire,  the  three  wire  and  the  two  wire 
types.  All  are  equally  reliable,  and  in  all  the  Wheatstone  bridge 
principle  is  used  for  measuring  the  resistance  of  the  platinum 
spiral.  The  readings  on  the  instruments  are  expressed  in  terms 
of  temperatures.  An  auxiliary  current  is  used  for  the  opera¬ 
tion  of  the  instrument.  It  may  be  taken  from  any  existing 
direct  current  lighting  system  or  from  a  storage  battery.  It 
can  be  used  in  connection  with  indicating  or  recording  instru¬ 
ments  and  it  offers  the  material  advantage  of  using  long  scales 
with  wide,  open  divisions. 

The  only  instruments  which  can  be  used  for  measuring 
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temperatures  higher  than  3000  deg.  fahr.  are  optical  and  radia¬ 
tion  pyrometers.  They  are  applied  at  a  distance  and  not  di¬ 
rectly  exposed  to  the  source  of  heat  like  those  which  have  just 
been  described.  All  materials,  not  excepting  refractories  which 
are  used  as  protection  shields  of  pyrometers  of  the  thermo 
electric  and  resistance  type,  are  more  or  less  seriously  affected 
by  direct  exposure  to  high  temperatures.  Not  only  do  they 
lose  most  of  their  desirable  qualities,  as  for  instance  that  of  im¬ 
permeability  to  gases,  but  frequently  they  form  chemical  com¬ 
pounds  with  the  enclosed  platinum  wires  thus  destroying  the 
vital  portions  of  the  pyrometer  and  often  time's  being  completely 
destroyed  through  the  action  of  fluxing  agents.  Difficulties  of 
this  nature  are  entirely  avoided  when  optical  or  radiation  pyro¬ 
meters  are  used. 

For  shop  practice,  however,  such  instruments  must  combine 
with  this  good  quality,  simplicity  of  construction.  They  should 
be  suitable  to  be  handled  by  ordinary  intelligent  workmen  and 
it  should  be  possible  to  apply  them  under  the  most  adverse  and 
varying  factory  conditions.  To  my  knowledge  at  the  present 
time  there  is  not  a  single  optical  pyrometer  to  be  had  which  fully 
covers  all  these  requirements.  In  most  optical  pyrometers  the 
light  emitted  by  a  heated  body  is  compared  with  a  standard 
light,  which  in  some  cases  is  an  amyl  acetate  flame  of  certain 
height,  or  a  small  electric  incandescent  lamp  the  current  for 
which  is  usually  furnished  by  a  storage  battery. 

While  it  cannot  be  denied  that  with  the  use  of  optical  means 
very  satisfactory  results  can  be  obtained  in  a  laboratory,  it  is 
an  extreme  difficult  matter  to  adjust  such  instruments  in  manu¬ 
facturing  establishments  where  temperature  readings  must,  as 
a  rule,  be  taken  on  very  short  notice.  Further,  it  is  well  known 
that  the  results  always  depend  upon  the  personality  of  the  ob¬ 
server  and  upon  the  conditions  of  the  surroundings.  It  is,  there¬ 
fore,  to  be  recommended  if  optical  pyrometers  are  used  in  the 
works,  that  they  be  left  in  the  hands  of  one  man  only  who  may 
be  able  to  obtain  results  which  agree  after  he  has  become  ac¬ 
customed  to  the  use  of  the  instrument.  It  is  not  possible  to  make 
optical  pyrometers  self  recording. 

Heat  radiation  pyrometers  are  self  contained  instruments 


Fig.  11.  Molten  Metal  Pyrometer. 

couple.  The  free  ends  of  these  thermo-couples  are  then  con¬ 
nected  in  the  ordinary  manner  to  either  a  recording  or  indi¬ 
cating  instrument.  One  instrument  is  on  the  market  in  which 
a  very  delicate  compound  spring,  not  much  larger  than  a  pin 
head,  takes  the  place  of  this  thermo-couple.  It  operates  on  the 
principle  of  expansion  pyrometers. 

When  using  radiation  pyrometers  attention  must  be  paid 
to  direct  the  telescope  on  heated  bodies  which  present  true  black 
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which  give  indications  or  records  independent  of  the  observer. 
As  is  done  with  optical  pyrometers,  the  telescope  of  radiation 
pyrometers  is  pointed  at  the  source  of  heat  which  is  to  be 
measured.  The  heat  which  is  radiated  from  the  hot  body  is  then 
collected  by  a  suitable  mirror  secured  within  the  telescope  and 
concentrated  at  the  focus  of  this  mirror  upon  a  sensitive  thermo- 
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body  conditions,  as  only  in  this  manner  can  practically  true 
readings  without  making  correction  be  obtained.  A  substance 
presents  true  black  body  conditions  if  all  the  heat  which  is 
radiated  by  it  is  returned  to  it  by  its  surroundings.  We  find 
such  a  state  in  nearly  all  uniformly  heated,  closed  furnaces  of 
reasonable  depth.  Small  openings  in  the  walls  of  the  furnace 
will  not  materially  affect  true  black  body  conditions.  How¬ 
ever,  if  the  telescope  of  a  radiation  pyrometer  is  focused  on  a 
heated  body  which  is  placed  in  the  open  air,  a  large  percentage 
of  the  radiation  which  such  a  body  emits  is  lost  in  space  and 
naturally  only  a  fraction  of  the  heat  radiated  therefrom  can 
'  be  collected  by  the  mirror  of  the  telescope.  The  instruments  in¬ 
dicating  or  recording  the  e.  m.  f.  of  the  active  thermo¬ 
couple  in  the  telescope  will  show  in  such  instances  considerably 
lower  readings  than  if  the  same  body  were  placed  in  a  space  which 
represents  the  same  temperatures  as  the  body  itself. 

Xo  batteries  or  other  accessories  are  necessary  in  connec¬ 
tion  with  the  use  of  radiation  pyrometers.  They  give  very  good 
results  if  properly  handled  and  used  with  reasonable  care.  It 
is  preferable  to  use  instruments  of  this  description  in  bessemer 
and  open  hearth  furnace  practice.  They  may  also  be  applied 
successfully  in  air  furnace,  crucible  and  cupola  practice.  In  the 
latter,  however,  it  is  usually  preferable  to  use  thermo  electric 
pyrometers. 

Dr.  Moldenke  used  one  of  these  instruments  for  determi¬ 
nation  of  the  melting  points  of  cast  iron  which  experiments  he 
conducted  during  the  summer  of  1898.  He  examined  a  series 
of  73  different  irons  and  steels  of  which  the  following  table 
gives  a  summary. 

TABLE  OF  MELTING  POINTS. 

Degs.  Fahr. 


Soft  (Gray)  Cast  Irons  melt  from . 2050  to  2280° 

Roll  Irons  from  . 1990  to  2260° 

Carbon  Tool  Steels  from  . 2350  to  2450° 

Various  Alloy  Steels  from . 2180  to  2400° 

Hard  (White)  Malleable  Irons  from  . 2010  to  2100° 


To  round  off  the  above  data  Dr.  Burgess  is  <| noted  on  the 
melting  point  of  pure  wrought  iron  as  between  2800  and  2850 
deg.  fahr. 
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The  data  which  Dr.  Moldenke  collected  by  these  means 
were  embodied  in  a  paper  presented  by  him  on  October  28th, 
1898,  before  the  Pittsburgh  Foundrymens’  Association.  They 
are  considered  even  now  as  one  of  the  best  standards  of  reference 
on  this  subject.  It  was  the  good1  fortune  of  the  writer  to  be 
given  an  opportunity  to  assist  Dr.  Moldenke  in  his  task  by  de¬ 
signing  and  constructing  a  suitable  fitting  for  the  Le  Chatelier 
pyrometer  that  would  meet  his  requirements.  This  molten  metal 
outfit  to  my  knowledge,  remains  the  only  one  which  so  far  has 
given  satisfaction  for  measuring  the  temperature  of  molten 
metals  by  direct  immersion  of  a  couple  into  liquid  masses.  An 
illustration  of  its  application  to  a  ladle  of  molten  iron  is  given 
in  Figs.  11  and  12. 

Some  temperatures  observed  by  Professor  Le  Chatelier  in 
connection  with  various  metallurgical  processes  are  enumerated 
in  the  following : 


(1)  SIX  TON  CONVERTER  Deg-,  cent.  Deg-,  fahr. 

Bath  of  slag  .  1580  2876 

Metal  in  ladle  .  1640  2984 

Metal  ingot  mold  .  1580  2876 

Ingot  in  reheating  furnace  .  1200  2192 

Ingot  under  hammer .  1080  1976 

(2)  OPEN  HEARTH  FURNACE 

Fuel  gas  near  generator  .  720  1328 

Fuel  gas  entering  bottom  of  generator  chamber  400  752 

Fuel  gas  issuing  from  generator  chamber .  1200  2192 

Air  gas  issuing  from  regenerator  chamber .  1000  1832 

'  Chimney  gases,  furnace  in  perfect  condition  ....  300  590 

End  of  melting  pig  charge  .  1420  2588 

Completion  of  conversion .  1500  2732 

(3)  MOLTEN  STEEL* 

In  the  ladle  commencement  of  casting .  1580  2876 

In  the  ladle-end  of  casting .  1490  2714 

In  the  molds  .  1520  2768 

(4)  Siemens  crucible  or  pot  furnace .  1600  2912 

(  1340  2444 

(5)  Rotary  puddling  furnace  . j  1230  224g 

Puddled  ball-end  of  operation  .  1330  2426 

(6)  Foundry  iron  and  steels 

Melting  heat  of  white  cast  iron .  1135  2075 

Melting  heat  of  gray  cast  iron .  1220  2228 

Melting  heat  of  mild  steel  .  1475  2687 

Melting  heat  of  semi  mild  steel .  1455  2651 

Melting  heat  of  hard  steel  .  1410  2570 


*For  very  mild  (soft)  steel  the  temperature  are  higher  by  50  deg.  cent., 
90  deg.  fahr. 
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Metallurgical  engineers  are  aware  that  an  intimate  knowl¬ 
edge  of  all  temperatures  relating  to  their  processes  and  to  the 
conditions  of  their  furnaces  or  heating  appliances  is  necessary 
to  place  them  in  a  position  to  regulate  and  adjust  them  in  such 
a  manner  as  to  secure  the  best  possible  economy  and  to  give  their 
products  the  desirable  qualities  prescribed  by  specific  require¬ 
ments.  Thus,  in  blast  furnace  cupola  practice  or  any  other 
processes  for  melting  irons,  steels  or  alloys  it  should  be  tft  least 


Fig.  12.  Cross  Section  of  Molten  Metal  Pyrometer  used  by  Dr.  R. 
Moldenke  in  his  determinations  of  the  Melting  Points  of  Cast  Irons. 


known  that  the  zones  in  which  the  melting  is  taking  place  are 
heated  to  the  most  suitable  degree  between  predetermined  limits 
which  may  have  been  previously  established  as  guaranteeing  t he 
best  results.  In  reverbatory  furnaces,  or  similar  contrivances, 
the  temperatures  of  various  portions  of  the  checker  chamber 
should  be  determined  and  the  stack  temperatures  measured,  so 
that  by  prompt  reversals  at  the  most  suitable  intervals  the  high¬ 
est  possible  fuel  efficiency  may  be  obtained.  It  is  even  more 
important  that  the  temperatures  accompanying  the  various  re¬ 
fining  processes  be  known  that  they  may  be  carefully  regulated. 
It  is  now  universally  conceded  that  more  reliable  means  are 
required  than  the  human  eye  to  give  prompt  information  when 
it  is  time  for  tapping  or  pouring  metal.  Pyrometers  of  suitable 
construction  are  necessary  to  determine  either  one  of  these, 
or  any  other,  conditions  known  to  materially  affect  the  proper¬ 
ties  of  our  products. 
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Casting  Temperatures :  Iron  and  steel,  copper,  brass, 

bronze,  and  other  alloys  as  well  as  the  white  metals,  and  in  fact 

all  metallic  substances  or  combinations  of  metals  are  very  sus- 

%> 

ceptible  to  varying  casting  temperatures.  This  is  a  subject 
which  deserves  far  more  attention  in  actual  practice  than  it 
usually  receives.  The  erratic  behavior  of  castings  can  general¬ 
ly  be  traced  to  the  temperature  at  which  they  were  poured  from 
the  ladle  into  the  mold.  The  cause  of  many  mysterious  fract¬ 
ures  of  steel  of  high  ductility  lies  frequently  in  the  original  in¬ 
got  which  has  been  cast  at  either  too  high  or  too  low  a  tempera¬ 
ture.  Bronze  bearings  and  babbitt  metals  cast  from  the  same 
heat  often  show  remarkably  different  qualities.  Steam  or  hy¬ 
draulic  fittings,  which  have  to  be  of  close  texture  to  withstand 
the  pressure  test  to  which  they  are  submitted,  fail  frequently 
through  being  hopelessly  porous;  while  others,  taken  from  the 
same  lot,  may  fully  meet  the  severest  set  of  specifications.  We 
have  many  convincing  proofs  that  castings  of  identical  chemical 
composition  may  turn  out  to  be  entirely  different  in  their  physi¬ 
cal  or  mechanical  properties.  In  looking  for  the  reason  of  this 
apparently  strange  behavior,  we  find  an  analogy  in  the  differ¬ 
ence  of  the  micro  structure,  which  is  disclosed1  to  us  by  their 
examination  under  the  microscope. 

I  quote  from  Percy  Longmuir,  who  demonstrated  some  seven 
or  eight  years  ago  by  a  series  of  carefully  made  tests,  that  a 
“fair”  casting  temperature  exists  for  all  metals  and  alloys  at 
which  they  represent  the  most  desirable  physical  qualities,  which 
outlives  any  subsequent  heat  treatment  to  which  they  may  be 
subjected. 

Three  samples  of  typical  white  cast  iron,  all  cast  from  the 
same  ladle  showed  the  following  characteristics: 


Cast  at  (deg-,  fahr.) 

2400 

2250 

2050 

Tenacity  before  annealing  (tons  per  sq.  in.)  10.7 
Tenacity  after  100  hr.  annealing  in  ore  (tons 

15.9 

12.1 

per  sq.  in.) 

A  typical  gray  iron  resulted  as  follows 

20.6 

29.2 

26.5 

Cast  at  (deg.  fahr.) 

2650 

2465 

2275 

Maximum  stress  per  sq.  in.  (tons)  9.7 

Two  crucible  steels  without  changing  mater¬ 
ially  in  tensile  strength  when  cast  at 

14.1 

10.6 

(deg.  fahr.) 

2825  to 

2910  and 

2680  to  2735 

showed  as  cast 

6S 

and 

48  reversals 

after  annealing 

122 

and 

62  reversals 

after  forging 

546 

and 

172  reversals 
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Four  samples  of  mild  steel  containing  0.20  C ;  0.38  Mn  :  0.04 
Si;  0.15  S;  and  0.06  P,  initially  overheated  and  poured  from  one 
heat  showed : 


as  cast 

annealed 

Breaking  stress  (tons  per  sq.  in.) 

11.7 

11.4 

14.8 

13.0 

13.8 

12.5 

12.6 

12.2 

Elastic  limit  (tons  per  sq.  in.) 

14.2 

15.8 

21.5 

21.1 

21.4 

21.8 

17.5 

20.8 

Elongation  (percent  in  2  in.) 

3.5 

6.5 

5.0 

7.5 

6.0 

10.0 

3.5 

10.0 

Reduction  of  area  (percent) 

7.0 

11.2 

8.6 

13.4 

9.1 

9.2 

8.0 

9.0 

The  effect  of  varying 

casting 

temperature  is 

also  to  be 

seen  in  the  following  table 

which 

refers 

to  a  sample  of  0.50 

carbon  steel  containing  about  one  percent 

manganese,  a  typical 

steel  casting : 

Casting  Temperature  (deg.  fahr.) 

2735 

2700 

2610 

Maximum  stress  as  cast  (tons) 

38.6 

36.4 

31.0 

Maximum  stress  after  annealing 

(tons) 

37.1 

36.4 

22.5 

Bending  angle  unannealed  (deg.) 

30 

23 

10 

Bending  angle  annealed  (deg.) 

80 

60 

35 

All  this  would  indicate  that  many  of  the  mysteries  of  irons 
and  steels  may  be  traced  to  the  original  ingot  being  cast  either 
too  hot  or  too  cold. 

The  same  apparently  erratic  behavior  is  noticeable  in  brass 
and  bronze  castings  made  under  apparently  identical  condi¬ 
tions.  Tests  showed  a  difference  in  tensile  strength  between 
the  strongest  and  the  weakest  from  26  tons  to  12  tons  per  sq. 
in.  and  a  difference  in  elongation  from  51  to  5  percent. 

Steam  metal  of  a  composition  of  88  percent  Cu ;  10  percent 
Sn,  and  2  percent  Zn  showed  as  follows: 


Casting  temperature  (deg.  fahr.) 
Tensile  strength  (tons) 

Elongation  (percent  in  2  in.) 
Reduction  of  area  (percent) 


2145  1945  1870 

8.37  14.83  11.01 

5.50  14.50  16.71 

11.01  5.00  6.36 


It  should  be  noted  that  the  difference  in  all  cases  of  this 
kind  can  be  distinctly  traced  to  the  difference  in  the  casting 
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temperature  of  the  metals.  When  pouring  our  metals  we  have 
therefore  good  reasons  to  distinguish  between  high,  fair  and 
low  temperatures.  The  difference  is  not  due  to  changes  in 
chemical  composition;  the  loss  of  zinc  is  always  determined  by 
the  highest  temperature,  as  the  fumes  given  off  present  the 
zinc  oxide  formed  on  heating.  There  remains  no  doubt  that  the 
variations  in  the  mechanical  properties  of  our  metals  and  alloys 
are  solely  determined  by  variations  in  their  initial  casting  temp¬ 
eratures,  and  it  can  be  accepted  as  a  general  rule  that : 

High  casting  temperatures  give  a  loose  structure, 

Fair  casting  temperatures  give  an  interlocked  structure. 
Low  casting  temperature  gives  a  sharp  structure. 

The  following  table  will  give  additional  information  on  this 


subject : 

* 

COPPER 

ZINC 

ALLOY' 

Casting 

Tensile 

Elongation 

Reduction 

Temperature 

Strength 

Percent 

of  Area 

Cu. 

Zn. 

Deg.  C 

Deg.  F 

Tons 

in  2  in. 

Percent 

Red 

89.6 

10.2 

1308 

2485 

6.85 

13.2 

12.65 

1073 

1950 

12.64 

26.0 

30.28 

1058 

1940 

5.67 

5.5 

6.64 

Y  ellow 

73.0 

26.0 

1182 

2160 

11.48 

37.7 

31.40 

1020 

1870 

12.71 

43.0 

35.66 

856 

1560 

7.44 

15.0 

15.25 

Muntz 

58.6 

40.5 

1038 

1900 

12.45 

6.0 

10.60 

973 

1785 

18.88 

15.0 

16.10 

943 

1730 

16.28 

9.5 

14.81 
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1190 

5.12 

5.0 

Copper 

1500 

2730 

7.60 

8.5 

4.52 

8.0 

5.80 

9.0 

1446 

2635 

*  7.80 

11.5 

6.S6 

10.0 

8.36 

15.5 

1141 

2085 

8.80 

8.0 

8.51 

8.0 

9.04 

10.0 

Lead 

580 

1075 

1.13 

18.0  t 

430 

805 

1.43 

35.0  l 

Tested  day  following  casting 

360 

680 

1.30 

42.0  j 

The  change  in  tensile  strength,  caused  by  change  of  casting  tempera¬ 
ture  of  a  number  of  samples  given  numerically  in  the  foregoing  tables  is 
illustrated  in  the  diagram  Fig.  13. 
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Fig.  13.  Effect  of  Casting  Temperature  on  the  Tensile  Strength  of  Various  Metals. 
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Galvanizing :  Considerable  difficulty  is  encountered  in  gal¬ 
vanizing  practice  to  keep  the  temperature  of  the  molten  metal 
within  the  limits  which  produce  a  clean  and  uniform  coating 
on  the  surface  of  articles  treated  by  this  process.  The  most  suit¬ 
able  galvanizing  temperature  lies  usually  about  50  deg.  fahr. 
above  the  melting  point  of  the  metal  bath.  Ten  or  fifteen  de¬ 
grees  either  way  may  result  in  inferior  products.  The  melting 
point  of  pure  zinc  is  787  deg.  fahr.  Impurities  or  other  metals 
such  as  lead,  antimony,  aluminum,  etc.,  intentionally  added,  or 
accidentally  occurring  in  the  mixture,  usually  lower  the  melting 
point;  and  in  such  a  case  it  will  be  found  preferable  to  lower 
the  galvanizing  temperature  accordingly.  This  makes  us  con¬ 
clude  that  the  temperatures  of  galvanizing  baths  require  close 
watching.  Ten  degrees  above  or  below  850  deg.  fahr.  is  very 
little ;  it  would  escape  the  notice  of  the  best  of  us,  unless  we 
were  guided  by  the  most  reliable  instruments.  It  lies  beyond 
the  region  of  the  human  senses.  We  may  be  able  to  distinguish 
a  difference  of  10  or  15  deg.  above  or  below  65  deg.  fahr.  when 
sitting  quietly  at  our  studies,  feeling  uncomfortably  cold  at  50 
or  55  deg.  or  uncomfortably  warm  at  75  or  80  deg.,  but  that  is 
about  our  limit. 

This  would  indicate  that  our  metals  are  far  more  sensitive 
to  small  variations  of  temperature  than  the  human  body.  And 
more  so,  if  we  consider  that  10  deg.  difference  at  65  represents 
about  15  1/3  percent,  whereas  10  deg.  at  850  is  less  than  11/5 
of  one  percent.  Unaided  by  trustworthy  temperature  measuring 
instruments  it  will  always  remain  an  extremely  difficult  matter, 
even  for  an  expert,  to  make  an  approximate  estimate  of  con¬ 
ditions.  Though  it  is  conceded  that  the  phenomena  invariably 
accompanying  changes  of  temperature,  if  intelligently  inter¬ 
preted,  may  lead  to  a  successful  conclusion  of  metallurgical  pro¬ 
cesses,  it  cannot  be  denied  that  whatever  they  may  involve  they 
depend  upon  the  personal  equation,  which  cannot  be  tolerated  in 
modern  manufacturing  practice. 

We  receive  in  this  manner  un disputable  indications  of 
the  conditions  of  the  fluid  metal  in  galvanizing  practice  through 
the  formation  of  dross,  the  degree  of  intensity  of  its  coloring, 
the  behavior  of  the  flux,  the  intricate  motions  on  the  skimmed. 
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clean  surface  of  the  metal  accompanied  by  the  appearance  of 
variously  shaped  crystals,  like  ice  crystals  on  a  window  pane, 
and  most  of  all  through  the  appearance  of  the  metallic  coating 
of  the  galvanized  products  themselves. 

They  may  remain  forever  an  enigma  to  the  uninitiated, 
whereas  a  man  who  has  spent  a  lifetime  at  this  task  may  have 
finally  mastered  the  problem.  Nevertheless  it  is  not  a  rare 
occurrance  that  a  galvanizing  tank  in  the  hands  of  an  expert 
operator  gives  out  after  a  few  months;  and  replacing  it  is  al¬ 
ways  a  very  costly  matter.  The  cause  in  ninety  nine  cases  in  a 
hundred  is  over  heating  the  metal. 

As  it  is  very  important  that  a  constant  temperature  be 
maintained  in  the  bath  reliable  instruments  should  be  provided 
that  will  indicate  the  temperature  correctly.  This  is  far  more 
difficult  than  ordinarily  assumed.  It  may  be  appreciated  to 
some  extent  if  the  assertion  of  a  friend,  who  has  had  wide  ex¬ 
perience  in  this  direction,  be  accepted  as  descriptive  of  the  aver¬ 
age  general  conditions  in  recent  galvanizing  practice.  He  as¬ 
sured  me  that  he  had  tried  many  heat  measuring  instruments 
during  the  last  twenty  years,  and  that  not  one  had  given  satis¬ 
faction.  Some  failed  because  they  were  too  fragile,  others  be¬ 
cause  they  were  unreliable  from  the  beginning,  some  because 
they  were  inconstant  and  changing  in  time,  and  still  others  be¬ 
cause  they  were  erratic  in  their  indications.  The  last  of  these, 
which  undoubtedly  embraces  the  majority  of  instruments  of  the 
kind,  is  the  least  tolerable  of  the  lot.  Instead  of  imparting  con- 
lidence  they  give  just  cause  to  distrust  and  they  invite  ridicule 
of  the  working  men  to  whom  they  are  represented  as  infallible. 
I  have  often  run  against  freaks  of  this  kind.  Few  of  them 
would  indicate  the  correct  temperature  within  50  or  100  deg. 
Some  would  run  along  smoothly  for  a  while,  and  then  drop  300 
or  400  degrees  within  a  half  or  three  quarters  of  an  hour  and 
rising  again  as  quickly.  Judging  from  the  series  of  lassitudes 
and  occasional  sudden  spurts  of  activity  they  represented  any¬ 
thing  but  existing  conditions.  Now,  what  faith  could  a  man 
have  in  such  an  erratic  indicating  device,  if  he  knows  that  a  tank 
containing  from  10  to  15  tons  of  molten  zinc  will  not  cool  more 


528  PROCEEDINGS  ENGINEERS'  SOCIETY  WESTERN  PENNA, 

than  19  or  20  deg.  fahr.  per  hour  with  all  the  fires  turned  off?" 
Let  me  give  an  example  taken  from  actual  practice. 

The  temperature  of  a  galvanizing  tank,  containing  about 
240  000  lb.  of  zinc,  dropped  170  deg.,  from  850  to  680  deg.  fahr. 
in  27  hours,  after  the  gas  fires  were  shut  off.  This  would  indi¬ 
cate  an  average  cooling  of  only  six  degrees  and  a  fraction  per 
hour,  which  is  less  than  a  third  of  the  maximum  drop  that  has 
just  been  mentioned. 


THERMAL  DATA  ON  ZINC. 

Melting-  point  of  zinc  (M.  P.)  . 419.5°  O' 

Specific  heat  of  liquid  zinc  (S)  . 0.1275 

Mean  specific  heat  of  solid  zinc  (from  o°  to  t°)  (S.  M.)  .  .0.0906  j  0.000044t 

Mean  specific  heat  before  fusion  at  M.  P . 0.109058 

Heat  in  solid  metal  at  M.  P.  (from  above) . 45.75  Calories 

Heat  in  solid  metal  at  M.  P.  (Richards) . 45.20  Calories 

Heat  in  liquid  metal  at  M.  P.  (Person) . 67.80  Calories 

Latent  heat  of  fusion  (observed)  . 22.60  Calories 

Latent  heat  of  fusion  (by  2.1  T  rule) . 22.40  Calories 

Latent  heat  of  fusion  (from  above) . 22.05  Calories 

Galvanizing  temperature  (about)  . 455°  C. 

Heat  required  to  raise  liquid  metal  from  M.  P.  to  455°  C . 4.5  Calories 

Total  heat  in  liquid  metal  at  455°  C . 72.3  Calories 

Total  heat  in  liquid  metal  at  455°  C . 130.14  B.  t.  u. 

The  latent  heat  of  fusion  of  zinc  per  pound  (Cal.) . 22.6 

Heat  in  molten  metal  at  850  deg.  fahr.  is  (Cal.) . 72.26 

and  at  680  deg.,  to  which  it  had  been  cooled  (Cal.) . 38.28 

hence  it  has  parted  at  680  deg.  with  (Cal.) . 33.34 

Distributed  over  the  27  hours  cooling  this  is  about  1%  cal. 
per  lb.  hr.  for  the  whole  mass  of  24  000  lb.  is  about 

(Cal.perlb.hr.)  . 300000- 

Deducting  from  the  above  (Cal.) .  33.94 

The  latent  heat  (Cal.)  . 22.6 

there  remains  almost  exactly  %  (Cal.) . 11.34 


which  should  be  evenly  distributed  over  9  hours,  which  is  % 
of  the  total  time  of  cooling;  the  remaning  2-3  or  18  hours 
were  consumed  to  turn  the  liquid  metal  into  a  solid  mass. 

Dividing  170,  the  total  drop  in  temperature  by  9,  the  time  in 
hours,  we  find  19,  or  say  roundly  20  deg.  fahr.  drop  per  hour. 

The  freezing  of  the  metal  should  have  commenced  accordingly, 

after  (hours)  . . . 3 

it  would  have  been  solid  throughout  after  (hours) . 21 

and  the  temperature  would  have  dropped  during  the  (hours) . 6 

remaining,  at  a  fairly  even  rate  per  hour  of  (deg.  fahr.) . 20 

This  is  a  rough  illustration  of  what  takes  place  in  prac¬ 
tice.  The  finer  shades  of  variations  have  been  purposedlv  omit¬ 
ted  in  this  calculation,  to  save  complications.  The  observations- 
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cited  were  made  during  the  winter  months;  the  thermometer 
indicating  about  30  or  35  deg.  fahr.  Changes  in  atmospheric  con¬ 
ditions  would  cause  considerable  change  in  the  results,  as  the 
heat  lost  by  the  molten  metal  is  given  up  to  the  surrounding  air 
principally  by  conduction  and  convection.  Differences  in  temp¬ 
erature  and  movement,  draft,  of  the  air  would  be  the  most  im¬ 
portant  factors  in  such  changes. 

The  question  is  often  asked  whether  reliable  test  ther¬ 
mometers  can  be  obtained  for  the  purpose.  Undoubtedly,  they 
are  to  be  had,  but  there  should  be  no  occasion  to  use  them  for 
checking  other  instruments  of  their  kind,  if  such  convenient  and 
reliable  means  can  be  used  as  the  freezing  point  of  the  metal 
itself.  We  have  no  reason  to  find  fault  with  our  commercial 
thermometers.  The  better  grade  can  be  relied  upon  to  be 
correct  within  one-half  of  a  division,  even  without  a  certifi¬ 
cate;  but  most  confusing  results  can  be  obtained  with  a  ther¬ 
mometer,  especially  with  a  long  stem  thermometer,  if  it  is  not 
correctly  used.  Ordinary  commercial  thermometers  are  gradu¬ 
ated  to  be  used  at  full  immersion;  that  is  not  only  the  bulb,  but 
also  the  entire  mercury  column  is  to  be  exposed  to  the  tempera¬ 
ture  which  is  to  be  measured.  However,  full  immersion  is  a 
condition  seldom  met  with  when  a  thermometer  is  used  for 
technical  purposes.  In  most  instances  only  a  portion  of  the 
stem  can  be  immersed  into  the  heated  medium,  and  unless  the 
thermometer  has  been  especially  constructed  for  the  purpose, 
grave  errors  will  result.  Otto  Bechstein  says  in  his  descrip¬ 
tion  of  “Instruments  for  the  measuring  of  temperatures  in 
technical  pursuits''  that  this  error  may  amount  to  50  deg.  cent, 
and  more  in  long  stem  thermometers.  I  must  confess  that  this 
is  more  than  I  have  ever  had  occasion  to  observe;  but,  notwith¬ 
standing  this,  he  majr  be  right.  As  ridiculous  as  it  may  seem, 
it  appears  therefore  quite  appropriate  to  recommend  to  users 
that  they  learn  the  proper  use  of  a  thermometer,  and  furthermore, 
when  purchasing  to  fully  describe  the  requirements. 

Conclusion:  It  would  seem  that,  if  such  apparently  simple 
devices  as  industrial  thermometers  require  the  amount  of  care 
in  their  construction  and  application  as  has  here  been  described, 
other  types  of  heat  measuring  instruments,  which  command  more 
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extended  ranges  and  which  see  a  more  severe  use,  can  scarcely 
be  expected  to  be  entirely  free  from  objectionable  features.  Each 
type  has  its  scope,  each  must  be  used  with  due  care  and  with 
each  set  rules  must  be  intelligently  observed  to  obtain  satis¬ 
factory  results  in  their  application. 

The  most  important  features  of  some  of  them  have  been  re¬ 
ferred  to,  it  was  impossible  to  enter  into  the  details  of  all  the 
instruments,  nor  could  all  their  useful  application  in  the  large 
number  of  processes  of  the  metal  industries  be  described  at 
length  in  a  paper  of  necessarily  limited  length.  To  cover  the 
entire  ground  would  fill  a  large  volume  and  require  a  series  of 
lectures.  The  discussion  of  the  subject  may  bring  forth  many 
points  of  interest  which  have  not  been  mentioned.  To  give  all 
present  a  full  opportunity  to  take  part  therein,  I  close  with 
appreciation  for  your  attention. 

DISCUSSION 

Mr.  H.  C.  Loudenbeck  :*  The  importance  of  heat  treating 
steel  and  doing  it  properly  has  necessitated  a  reliable  instrument 
for  measuring  high  temperatures.  It  is  discouraging  to  the 
metallurgist  to  find  the  pyrometers  used  in  heat  treating  furn¬ 
aces  from  50  to  100  deg.  above  or  below  the  correct  temperature. 
This  is  not  an  unusual  condition  at  many  plants.  The  installa¬ 
tion  of  pyrometers  is  intended  to  do  away  with  all  “rule  of 
thumb”  and  guess  work,  but  has  in  many  cases  been  the  source 
of  trouble  and  annoyance.  There  is  no  more  important  subject 
before  the  metallurgist  today,  and  it  is  highly  important  that  he 
secure  a  reliable  instrument  for  measuring  high  temperatures. 
The  steel  manufacturer  is  giving  less  attention  to  the  quality 
of  some  common  products,  such  as  billets,  bar  and  forging  steel, 
than  formerly  and  is  depending  more  upon  the  user  of  these 
products  to  properly  heat  treat  them  and  remedy  the  open 
grain,  brittle  condition  given  them  at  the  mill  by  overheating  or 
the  result  of  poor  mill  practice. 

Every  metallurgist  of  today  is  familiar  with  the  proper 
method  of  heat  treating  steel  to  bring  out  its  very  best  qualities. 
He  does  this  readily  in  the  laboratory  where  he  can  control 

♦Chief  Chemist,  Westinghouse  Air  Brake  Co.,  Wilmerding,  Pa. 
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the  temperature  by  a  reliable  pyrometer  properly  handled,  but 
what  is  the  result  when  this  practice  is  introduced  into  the  mill 
as  a  regular  shop  operation?  “Ah,  there's  the  rub.”  Ignorant 
workmen  some  one  says.  True,  to  a  certain  extent,  but  in  the 
majority  of  cases,  improper  treatment  in  the  shop  is  due  to  a 
defective  pyrometer.  Perhaps  a  cheap  base  metal  instrument 
has  been  installed  in  the  furnace  room  and  left  to  take  care  of 
itself.  The  automobile  manufacturer  is  familiar  with  the  con¬ 
dition  to  which  I  refer  and  also  the  steel  manufacturer  who  sup¬ 
plies  them  with  steel,  and  last,  but  not  least,  the  owner  of  a  car 
with  a  broken  axle  miles  from  home.  It  is  a  short  sighted  policy 
when  a  concern  does  not  buy  the  best  grade  of  pyrometers  on  the 
market  and  after  its  installation,  buy  still  another  to  see  that 
the  first  does  not  go  wrong,  for  the  best  is  not  too  good  and  it 
should  be  checked  at  least  once  a  month  by  a  standard  instru¬ 
ment  held  in  reserve  for  that  purpose. 

I  know^  a  case  wiiere  a  battery  of  furnaces  wrere  equipped 
with  15  pyrometers  having  base  metal  couplers.  These  instru¬ 
ments  wrere  connected  by  means  of  a  five  point  switch  to  three 
indicators.  Some  of  these  fire  rods  burned  out  in  less  than  a 
week  and  inside  of  a  month  they  were  all  gone.  They  were  all 
encased  in  a  protection  tube  of  steel.  Afterwards  protection 
tubes  of  porcelain,  cast  iron,  nickel  and  graphite  wrere  tried 
with  varying  degrees  of  success.  The  temperature  of  these 
furnaces  varied  from  1400  to  1800  deg.  fahr.  The  base  metal 
fire  rods  were  finally  discarded  with  the  exception  of  two  furn¬ 
aces.  These  had  a  temperature  of  not  over  1425  deg.  fahr.  The 
fire  rods  were  encased  in  graphite  tubes  and  after  three  months 
service  were  in  good  condition. 

It  has  been  my  experience  that  for  a  permanent  installation 
where  1425  deg.  fahr.  is  not  exceeded  the  base  metal  couple 
gives  fairly  good  results,  providing  it  is  properly  protected  in 
a  graphite  tube. 

It  has  been  my  experience  that  for  a  permanent  installation 
where  1425  deg.  fahr.  is  exceeded  a  platinum,  platinum-rhodium 
couple  should  be  employed.  This  should  be  encased  in  a  royal 
porcelain  tube  and  the  whole  enclosed  in  a  graphite  tube. 
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# 

First :  What  is  desired  for  heat  treating  purposes  is  a 
reliable  pyrometer,  not  necessarily  a  sensitive  one,  (for  the  heat 
in  various  parts  of  the  furnace  will  often  vary  25  to  50  deg.) 

Second:  An  instrument  that  is  robust  and  that  will  not 
deteriorate  with  use. 

Third:  It  should  be  properly  protected  from  the  furnace 
gases  and  the  oxidizing  influences  of  the  air. 

Fourth :  It  should  be  frequently  checked  by  a  standard 
instrument.  This  should  be  done  systematically  and  regularly. 

The  Author  :  The  remarks  of  Mr.  Loudenbeck  show  plain¬ 
ly  that  he  had  his  share  of  trouble  getting  good  results  with  base 
metal  pyrometers.  Like  many  other  users  he  has  found  that 
they  cannot  be  relied  upon  when  used1  at  temperatures  embrac¬ 
ing  the  heat  treatment  of  steels.  I  cannot  imagine  that  any  of 
these  pyrometers  were  sold  on  the  strength  of  their  constancy, 
the  principle  inducement  for  the  buyer  must  have  been  their 
low  price.  A  salesman  must  have  talking  points,  and  he  will 
add  in  an  offhand  manner:  if  played  out  his  pyrometers  can  be 
replaced  for  a  few  dollars.  Let  us  say  the  fire  rods  for  his  15 
furnaces  cost  $5.00  each,  and  to  be  modest,  according  to  his  own 
statement,  let  us  assume  they  had  to  be  replaced  once  in  two 
weeks.  Their  maintenance  per  year  would  then  have  amounted 
to  $1800;  not  counting  incidentals,  annoyance,  interruptions  in 
service,  etc.  For  very  little  more  than  one-half  this  amount 
he  could  have  had  the  best  equipment  that  is  obtainable;  and, 
as  such  temperatures  which  are  considered  low  when  platinum, 
platinum-rhodium  thermo-couples  are  used,  the  yearly  repairs 
should  surely  amount  to  less  than  $50  including  breakage  by 
accidents. 

Mr.  Loudenbeck  emphasizes  that  protection  tubes  are  of 
great  importance.  I  fully  agree  with  him  that  this  is  so,  though 
my  choice  would  not  always  be  royal  Berlin  porcelain  nor  graph¬ 
ite  tubes.  They  should  be  selected  to  suit  conditions.  For  in¬ 
stance,  royal  Berlin  porcelain  tubes  are  mostly  coated  with  a 
silica  glaze,  which  at  high  temperatures  will  withstand  an  oxi¬ 
dizing  atmosphere,  but  will  de-vitrify  in  a  reducing  atmosphere. 
Again,  graphite  is  effected  in  the  opposite  manner.  I  would 
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not  recommend  the  use  of  graphite  as  a  protection  for  base 
metal  pyrometers;  as  these  usually  consist  in  part  of  iron  or  an 
iron  alloy,  and  it  must  be  expected  that  above  red  heat  part  of 
the  carbon  will  be  absorbed  by  the  metal,  which  naturally  con¬ 
tributes  to  change  the  electromotive  force  of  the  thermo-couple. 

I  fully  agree  with  Mr.  Loudenbeck  as  to  the  desirable  pro¬ 
perties  of  commercial  pyrometers,  though  he  may  find  it  rather 
difficult  to  obtain  instruments  of  this  kind  which  are  absolutely 
fool  proof  and  possess  at  the  same  time  all  the  other  good  quali¬ 
ties  which  are  covered  by  his  specification. 

Mr.  F.  Gelstharp  :*  I  have  had  considerable  experience 
■with  platinum,  platinum-rhodium  thermo-couples,  including 
equipment  supplied  by  the  Brown  Instrument  Co.  of  Philadel¬ 
phia,  using  both  indicating  and  recording  instruments  with 
Johnson  &  Matthey  Wire;  also  equipment  supplied  by  S.  H. 
Stupakoff  of  Hartman  &  Braun,  and  Siemens  &  Halske’s  manu¬ 
facture  both  indicating;  also  Siemens  &  Halske’s  recording  in¬ 
struments,  Hereaus  Wire  being  used;  also  radiation  pyrometers 
supplied  by  the  Brown  Instrument  Company,  Tliwing  Instru¬ 
ment  Company,  and  Taylor  Instrument  Company. 

We  cannot  say  that  we  are  satisfied  with  the  pyrometer  as 
an  aid  to  the  operation  of  a  plate  glass  furnace.  As  there  is 
always  a  feeling  of  uncertainty  as  to  whether  it  is  registering 
the  correct  temperature,  and  we  can  only  have  faith  in  it  by 
checking  the  thermo  element  equipment  daily  with  a  Fery 
radiation  pyrometer.  This  is  a  very  unsatisfactory  condition. 
With  the  equipment  so  far  as  the  thermo  element,  galvanometer 
and  the  connections  and  leads  are  concerned,  we  know  that  we 
have  a  practically  perfect  heat  measuring  instrument.  But  the 
whole  trouble  lies  in  the  method  of  protecting  the  thermo  ele¬ 
ment  against  the  very  severe  condition  of  a  plate  glass  furnace. 
The  porcelain  tube  which  is  used  for  this  purpose  is  too  delicate 
to  withstand  the  continual  action  of  fluxes  at  high  temperatures. 
Exceeding  care  must  be  exercised  in  installing  one  of  these  tubes 
to  prevent  cracking,  since  we  use  tubes  as  long  as  42  in. ;  and  it 
is  an  anxious  operation.  Their  cost  is  high,  and  we  cannot 
afford  to  lose  them;  moreover  one  may  not  know  whether  the 

♦Chief  Chemist,  Pittsburgh  Plate  Glass  Company,  Creighton,  Pa. 
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tube  he  has  just  installed  is  not  damaged  in  the  operation.  If 
the  tube  has  the  smallest  crack  in  it,  the  thermo  element  is 
doomed.  It  will  register  perhaps  the  proper  temperature  for  a 
short  time,  but  very  soon  the  indication  will  be  incorrect.  The 
furnace  gases  penetrate  the  crack  and  the  element  quickly  de¬ 
teriorates  in  consequence.  This  means  a  serious  loss  as  the 
value  of  the  element  is  reduced  to  scrap. 

Sometimes  even  an  installation  that  we  knew  was  in  first 
class  order,  will  begin  to  give  low  readings.  On  examination 
the  thermo  element  is  found  to  be  more  or  less  crystalized  due 
to  furnace  gases  having  leaked  through  the  cracked  tube.  We 
have  in  such  cases  come  to  the  conclusion  that  the  tube  became 
cemented  to  the  hole  in  the  furnace  wall  when  the  furnace  was 
cooled  down  for  casting,  and  that  the  unequal  expansion  which 
later  took  place  on  heating  up  was  responsible  for  the  breaking 
of  the  tube.  We  rarely  get  a  longer  life  than  three  to  four 
weeks,  from  the  ‘  ‘ 1  Marquardt  mass  ’  ’  tubes  we  use ;  and  the  only 
fairly  satisfactory  plan  we  have  found,  is  to  check  up  daily  with 
a  Fery  radiation  pyrometer  and  in  any  case  to  put  in  new  tubes 
every  three  weeks.  But  in  a  large  factory  this  required  too 
much  attention  and  tends  to  shake  the  furnace  operators  confi¬ 
dence  in  the  pyrometer,  especially  when  he  finds  that  the  in¬ 
strument  has  gone  out  of  order  just  when  he  arrives  at  the  most 
important  period  of  the  melt,  or,  as  has  sometimes  happened, 
he  has  relied  on  the  pyrometer  till  he  knows  by  his  own  ex¬ 
perience  that  the  furnace  is  hotter  than  indicated  and  as  proof 
he  has  one  or  more  burnt  pots.  If  the  pyrometer  is  to  stay  in 
the  plate  glass  works  as  a  guide  for  furnace  operation,  there 
must  be  found,  a  protecting  tube  or  method  of  installation  in 
which  we  can  have  perfect  confidence  for  a  comparatively  long 
period.  I  believe,  and  hope,  that  in  the  near  future  this  will 
be  possible. 

The  permanent  installation  of  a  radiation  pyrometer  is  not 
practical  for  the  same  reason,  that  we  have  not  accessible  a 
suitable  material  for  the  necessary  closed  tube. 

A  word  about  the  use  of  the  Fery  radiation  pyrometers. 
This  instrument  in  the  hands  of  a  layman  will  probably  give 
a  very  incorrect  •  idea  of  the  temperature  condition  in  a  plate 
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glass  furnace,  but  with  ordinary  care  we  have  found  it  to  be  a 
very  useful  check  instrument.  The  most  common  error  is  to 
attempt  to  take  the  temperature  sighting'  on  the  furnace  peep 
holes  regardless  of  what  part  of  the  furnace  or  pots  happen  to 
really  be  the  black  body  which  is  in  focus;  or  the  position  may 
be  such  that  the  telescope  is  actually  in  the  line,  or  partly  so, 
with  a  peep-hole  in  the  opposite  side  of  the  furnace,  in  this  case 
all  we  have  in  focus  is  the  hot  gases  and  perhaps  part  of  the 
furnace  wall.  Again  the  observer  may  have  in  focus  the  com¬ 
paratively  thin  filling  hole  stopper  on  the  opposite  side  of  the 
furnace.  Then  again  if  the  furnace  is  full  of  flame  (that  is 
incandescent  carbon),  he  may  find  his  instrument  giving  either 
altogether  too  high  or  too  low  a  temperature.  I  have  known 
this  instrument  to  be  condemned  through  such  ignorance  of 
manipulation. 

In  using  the  instrument  we  regulate  the  gas  on  the  furnace 
till  we  can  clearly  distinguish  the  opposite  furnace  wall  and  the 
end  of  the  thermo-couple  we  are  about  to  check;  the  telescope 
is  placed  in  position  so  that  we  have  the  end  of  the  element 
in  focus.  Working  in  this  way  we  have  gained  perfect  confi¬ 
dence  in  the  reliability  of  the  instrument. 

If  the  pyrometer  expert  can  solve  the  problem  of  finding 
a  suitable  protection  tube  for  the  plate  glass  manufacturer  he 
can  feel  certain  that  the  glass  maker  will  be  friendly  to  him  in 
the  future.  As  for  the  past  and  even  the  present  the  pyro¬ 
meter  has  caused  him  much  annoyance  and  expense.  1  appre¬ 
ciate  all  the  difficulties  in  the  way  of  making  the  pyrometer  of 
value  to  the  plate  glass  maker.  But  I  believe  it  is  a  necessary 
step  in  advance  and  would  urge  the  p3rrometer  expert  not  to 
lose  time. 

The  Author:  Mr.  Gelstharp  tells  us  of  the  difficulties 
which  the  glass-maker  encounters  in  checking  the  temperatures 
of  his  melting  furnaces.  We  meet  nowhere  with  conditions 
which  are  exasperating  as  in  their  case.  Glass  melting  furnaces 
are  always  under  high  temperatures,  usually  exceeding  2500 
deg.  fahr.,  and  not  only  the  gases  of  combustion,  but  also  the 
vapors  of  silicates  and  especially  of  the  fluxing  materials  with 
which  the  atmosphere  of  such  furnaces  is  surcharged  offer  the 
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greatest  obstacles  to  provide  effective  protection  tubes  for  the 
expensive  thermo-couples.  Platinum  when  highly  heated  ab¬ 
sorbs  either  with  great  avidity;  and  in  so  doing  it  experiences 
a  gradual  drop  in  electromotive  force.  We  are  compelled  lo 
select  the  materials  for  our  protection  tubes  from  the  various 
refractory  substances  which  most  obstinately  refuse  to  give  way 
under  such  severe  conditions;  but,  so  far  nothing  has  been  dis¬ 
covered  which  is  not  gradually  destroyed  in  the  glass  melting 
process  by  the  deteriorating  action  of  the  fluxes  present. 

It  seems  that  no  one  should  be  better  fitted  to  solve  this 
problem  than  the  glass  chemist  himself  who  has  made  refractory 
materials  a  part  of  his  chief  studies.  lie  selects,  or  passes  on, 
the  quality  of  his  glass  melting  pots,  the  lining  of  his  melting 
tanks  and  furnaces,  he  has  continued  practical  experience  on 
this  very  subject,  and  no  one  has  better  chance  for  experiment¬ 
ing  on  these  lines.  We  are  therefore  looking  for  the  aid  and 
advice  of  the  glass  chemist  to  point  out  to  us  what  may  prove 
the  best  materials  to  suit  his  purpose,  and  he  may  rest  assured 
that  we  will  do  our  share  to  co-operate  with  him. 

What  Mr.  Gelstharp  says  about  the  use  of  radiation  pyro¬ 
meters  is  correct.  The  use  of  these  instruments  must  be  learned 
before  they  can  be  expected  to  furnish  satisfactory  results.  But 
it  would  appear  that  with  a  few  reliable  comparative  tests,  good 
judgment  and  intelligent  applications  it  shpuld  not  be  a  diffi¬ 
cult  matter  to  obtain  measurements  which  closely  approximate 
the  true  temperature  of  the  interior  of  a  furnace  under  black 
body  conditions. 

Prof.  C.  P.  Linville:#  A  phase  of  the  subject,  which  to 
me  is  of  great  interest,  concerns  the  use  of  pyrometers  for  meas¬ 
uring  and  recording  the  hot  blast  and  downcomer  gas  tempera¬ 
tures  at  blast  furnaces.  I  have  done  quite  a  little  experimental 
work  in  connection  with  the  determination  of  the  effects  of  com¬ 
bustion  temperatures  on  blast  furnace  operation.  As  an  illus¬ 
tration  of  the  necessity  of  having  accurate  pyrometers,  and  to 
show  the  effects  of  small  temperature  variations  I  will  cite  a 
test  where  1  studied  the  records  of  a  blast  furnace,  running  on 
pig  analysing  from  1.5  to  3.0  percent  silicon.  Three  things  in 
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particular  were  studied,  the  effects  of  variation  in  the  hot  blast 
temperature,  the  effects  of  variations  in  the  moisture  content 
of  the  blast,  and  the  variations  in  the  silicon  content  of  the  pig 
iron  made,  the  records  covering  about  40  days  operation.  With¬ 
out  going  into  details  I  found  that  with  this  particular  furnace, 
working  under  their  conditions,  a  change  of  \ll/2  deg.  fahr.  in 
the  theoretical  temperature  before  the  tuyeres  would  give  a 
change  of  0.10  percent  silicon  to  the  pig  iron.  This  variation 
of  11  ]/>  deg.  might  be  caused  by  a  change  of  22  deg.  fahr.  in  the 
hot  blast  temperature  or  of  0.7  gr.  of  moisture  per  cu.  ft.  in  the 
air  blast  used. 

If  a  difference  of  22  deg.  fahr.  in  the  hot  blast  temperature 
will  cause  a  variation  of  0.10  percent  silicon  in  the  pig  iron,  the 
importance  of  accurate  hot  blast  temperature  control  becomes 
at  once  apparent.  There  are  probably  few  places  where  pyro¬ 
meters  are  more  universally  used  than  in  connection  with  blast 
furnaces,  but  from  observations  I  have  made.  1  am  led  to  be¬ 
lieve  that  there  is  great  need  for  instruments,  and  methods  of 
installation  which  will  give  true  readings.  Take  the  question 
of  “cold  end  temperatures'  ’.  Little  attention  is  paid  to  this 
at  blast  furnace  plants,  it  being  assumed  that  “cold  end  tem¬ 
peratures’'  are  approximately  constant,  yet  I  know  of  an  in¬ 
stance  where  a  variation  of  150  deg.  fahr.  in  “cold  end  tem¬ 
peratures”  might  be  possible.  My  appeal  to  blast  furnace 
managers  would  be  that,  if  thermo-couple  pyrometers  are  to  be 
used,  by  all  means  provide  some  means  by  which  the  ’’cold 
ends”  can  be  kept  at  a  constant  temperature,  and  then  have 
the  couples  and  recording  instruments  standardized  for  this 
“cold  end”  temperature. 

Since  the  principal  object  of  taking  hot  blast  temperatures, 
is  to  obtain  the  temperature  of  the  air  as  it  enters  the  furnace, 
it  is  best  to  have  the  thermo-couple,  or  other  pyrometer,  placed 
as  near  the  furnace  as  possible.  With  thermo-couples  which 
must  of  necessity  have  rather  short  leads,  it  will  be  necessary 
to  provide  some  sort  of  thermostat  as  Mr.  Stupakoff  uses  in  con¬ 
nection  with  the  galvanizing  pots  which  he  described,  or  by 
using  exhaust  steam,  or  by  other  means,  to  maintain  this  neces¬ 
sary  constant  “cold  end”  temperature. 


538  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

A  much  better  method,  it  seems  to  me,  would  be  to  employ 
an  electrical  resistance  pyrometer.  Such  a  pyrometer  is  not 
affected  by  “cold  end'’  temperatures,  gives  much  more  accu¬ 
rate  readings  than  a  thermo-couple,  and  with  the  recording  in¬ 
struments  now  available  is  not  nearly  so  apt  to  get  out  of  order, 
since  the  mechanism  for  taking  and  recording  the  temperatures 
is  actuated  by  an  entirely  independent  current.  I  do  not  believe 
that  any  of  this  type  of  instruments  are  in  use  in  this  country 
for  blast  furnace  temperature  measurements,  but  believe  that 
before  long  they  will  be  recognized  as  being  very  much  superior 
to  any  of  the  thermo-couple  types. 

The  Author  :  Professor  Linville ’s  remarks  are  very  in¬ 
teresting.  The  fact  that  the  temperature  of  the  blast  and  the 
moisture  in  the  atmosphere  affects  the  contents  of  the  silicon  of 
the  iron  is  of  course  well  known  to  all  blast  furnace  men;  but, 
his  observation,  that  a  difference  of  22  deg.  fahr.  in  blast  changes 
it  0.1  percent  and  that  0.7  gr.  of  moisture  changes  it  to  the 
same  extent  is  certainly  worth  remembering. 

Many  types  of  pyrometers  are  used  at  blast  furnaces.  At 
the  present  time,  I  believe,  the  pneumatic  pyrometer  and  the 
Le  Chatelier  theromo  electric  outnumber  all  others  in  this  par¬ 
ticular  field.  Resistance  pyrometers  are  occasionally  used  for 
this  purpose  in  England.  "What  Prof.  Linville  says  about  the 
inattention  paid  to  cold  junction  temperatures  is  true,  but  it 
is  solely  due  to  negligence  for  which  there  is  no  excuse.  Some¬ 
times,  in  connections  with  other  furnaces,  it  may  be  difficult  to 
provide  means  for  cooling  the  cold  junctions,  but  it  is  easily 
done  at  a  blast  furnace.  If  it  is  not,  allowance  should  be  made 
for  the  difference  caused  on  this  account.  The  difference  to  be 
added  to  the  reading  of  the  galvanometer  can  be  easily  found 
by  constructing  a  diagram  corresponding  to  the  respective 
e.  m.  f.  of  the  thermo-couple  used.  It  would  seem  that  the  effect 
of  the  cold  junction  temperatures  on  the  indications  of  a  thermo 
electric  pyrometer  should  not  be  lost  sight  of  by  any  user  of 
this  type  of  instrument. 

It  is  a  feature,  not  a  fault,  of  the  instrument;  but  it  is  a 
fault  of  the  user  if  he  neglects  to  pay  attention  to  it.  One 
might  say  with  equal  right,  it  is  a  fault  of  a  watch  that  it  stops 
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when  it  is  not  wound'.  The  principal  good  feature  which,  in  my 
opinion,  outweighs  all  others  when  it  comes  to  the  selection  of 
instruments,  is  that  of  simplicity  of  construction  and  applica¬ 
tion,  as  well  as  constancy  and  reliability.  I  have  no  good 
reason  to  be  partial  to  any  particular  type  of  heat  measuring 
instrument,  as  1  have  frequent  occasion  to  make  use  of  all.  Each 
has  its  particular  sphere  wherein  it  is  not  excelled  by  others. 
But,  having  the  choice,  always  give  us  the  simplest  piece  of  ap¬ 
paratus  that  will  serve  the  purpose.  And  what  could  be  simpler 
than  a  self  contained  instrument  consisting  of  nothing  else  but 
two  pieces  of  wire  joined  at  their  ends  and  connected  with  their 
other  ends,  to  a  galvanometer? 

Resistance  thermometers  are  much  talked  of  at  present ; 
they  seem  to  again  have  sprung  into  fashion.  Everybody  who 
has  bought  a  thermo  electric  pyrometer  thinks  he  has  made  a 
mistake,  and  he  envies  his  neighbor  or  competitor  who  has  one 
of  the  resistance  type.  They  are  not  a  new  device,  but  they 
appear  with  new  trimmings.  William  Siemens  introduced  and 
applied  them  for  deep  sea  measurements;  he  gave  a  description 
of  the  instrument  in  1871  in  his  Bakerian  lecture.  Since  then 
we  have  learned  much  of  their  ailments  from  the  careful  work 
of  our  investigators.  The  results  reached  so  far  seem  to  indi¬ 
cate  that  these  instruments  will  remain  resistance  thennometi  rs, 
as  they  are  now  properly  named.  Their  chances  are  slim  to  be 
classed  among  pyrometers,  the  higher  rank  of  high  temperature 
measuring  instruments.  However,  they  are  excellent  instru¬ 
ments  when  used  within  the  limits  of  their  sphere,  and  this 
covers  an  endless  field  of  useful  application.  For  the  lower 
ranges  of  temperature  up  to  about  700  deg.  cent.,  or  1300  deg. 
fahr.,  they  are  far  superior  to  thermo  electric  pyrometers,  as 
much  finer  shades  of  variation  in  temperature  can  be  detected 
with  their  aid.  Above  this  upper  limit  they  become  more  and 
more  unreliable.  This  fact  has  been  established  but  a  short  time 
ago,  and  it  may  not  yet  be  generally  known.  This  upper  safe 
limit  should  be  remembered,  as  it  must  be  expected  that  damage 
will  ensue  when  it  is  exceeded.  It  is  a  grievous,  though  general 
fault  to  use  instruments  for  more  than  they  were  designed  for. 
And  unluckily  it  so  happens  that  the  upper  safe  margin  of  re- 
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sistance  thermometers  lies  just  below  the  range  of  temperatures 
of  the  majority  of  processes  which  iron  and  steel  men  are  com¬ 
pelled  to  use  in  the  heat  treatment  of  their  metals.  The  reason 
“Why”  is  given  in  a  few  words:  Platinum  commences  to  vola¬ 
tilize  at  about  700  deg.  cent. 

This  volatalization  does  not  affect  the  thermo  electric  quali¬ 
ties  of  a  thermo-couple,  but  it  does  seriously  affect  the  resist¬ 
ance  of  the  coil  of  wire,  which  forms  the  vital  portion  of  a 
resistance  thermometer.  This  change  is  due  to  loss  of  mass 
and  therefore  it  is  permanent,  whereas  the  change  of  resistance 
that  is  caused  by  change  in  temperature  only,  which  we  use  as 
a  means  to  determine  the  latter,  is  one  of  temporary  moment. 

I  have  accumulated  within  the  course  of  years  some  very 
interesting  specimens  showing  the  action  of  high  temperatures 
on  various  substances.  Among  these  are  some  tubes  of  refrac¬ 
tory  material,  with  deposits  of  thousands  of  tiny  brilliant  specks 
which  plainly  demonstrate  that  volatalization  of  platinum  does 
take  place,  though  these  particular  examples  may  have  been  pro¬ 
duced  at  considerable  higher  temperatures  than  700  deg.  cent. 

Do  not  let  the  divisions  on  the  scale  of  an  indicating  instru¬ 
ment  deceive  you.  A  scale  can  be  divided  without  trouble  for 
any  range.  It  seems  better  to  abide  by  the  word  and  the  prac¬ 
tical  experience  of  the  more  conscientious  and  conservative 
manufacturers  and  scientists,  who  will  caution  you  to  stop  when 
it  is  time  to  stop,  and  who  provide  their  instruments  with  di¬ 
visions  neither  higher  nor  lower  than  the  points  beyond  which 
it  is  unsafe  or  unreliable  to  use  them. 

We  have  heard  this  evening  frequent  mention  of  degrees 
centigrade  and  degrees  fahrenheit.  Both  scales  are  commonly 
used,  though  some  are  more  accustomed  to  one  and  some  are 
more  familiar  with  the  other.  I  have  found  that  many  find  it 
difficult  to  translate  one  into  the  other.  It  is  quite  an  easy 
matter  if  you  use  the  right  method. 

“Double  the  degrees  Centigrade,  subtract  ten  percent  and  add  32 
and  you  have  the  equivalent  in  degrees  Fahrenheit.” 

It  is  but  little  more  difficult  to  change  degrees  fahrenheit 
into  degrees  centigrade.  Proceed  in  the  opposite  manner. 
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“Subtract  32  from  the  degrees  Fahrenheit,  take  one-half  of  the 
remainder  and  add  one-ninth.  The  result  gives  the  degrees  Centi¬ 
grade.” 

Mr.  C.  E.  Skinner  :t  I  came  here  to-night  to  learn  from 
Mr.  Stupakoff,  instead  of  attempting  to  add  anything  to  his 
able  paper.  However,  I  might  mention  a  few  points  bearing  on 
the  subject.  One  is  the  use  of  the  thermos  bottle  in  low  tem¬ 
perature  work  for  keeping  the  cold  junction  at  a  constant  tem¬ 
perature.  We  are  at  the  present  time  making  use  of  the  thermo¬ 
couple  for  low  temperature  measurements,  using  a  potentio¬ 
meter  for  taking  readings,  and  this  is  giving  most  excellent  re¬ 
sults.  We  can  take  measurements  accuratelv  which  would  be 
impossible  with  the  thermometer,  and  a  single  observer  can  take 
temperatures  at  50  points  and  plot  the  curves  with  greater  ease 
and  accuracy  than  would  be  possible  by  the  use  of  thermometers. 
Some  of  the  interesting  applications  we  are  making  of  this  type 
of  measuring  device  is  in  connection  with  the  flow  of  heat 
through  heat  insulating  materials.  For  this  work  we  use  base 
metal  couples,  usually  copper-constantan. 

In  our  process  we  are  required  to  measure  temperatures 
from  very  low  to  very  high,  and  in  all  of  the  intermediate  ranges, 
and  during  the  last  fifteen  years  we  have  had  experience  with 
nearly  every  known  make  of  pyrometer;  like  many  others  pres¬ 
ent,  we  have  found  difficulties  with  every  type  which  we  have 
attempted  to  use.  The  thermo-couple  with  measurements  taken 
by  the  poteniometer  gives  the  most  satisfactory  results  of  any 
which  we  have  tried  to  date,  but  we  still  have  more  or  less  diffi¬ 
culty  in  the  use  of  these  thermo-couples,  due  to  the  points 
already  indicated  by  Mr.  Stupakoff. 

Mention  was  made  of  the  sensitiveness  of  babbitt  metals  to 
heat  treatment.  I  can  confirm  these  statements  from  our  ex¬ 
perience.  We  have  recently  placed  in  service  a  testing  device 
for  determining  whether  or  not  our  babbitt  metals  have  been 
properly  heat  treated  in  their  manufacture  and  in  their  ap¬ 
plication.  This  is  in  effect  a  small  trip  hammer  striking  a  light 
blow  on  a  proper  sample,  and  the  effect  of  the  repeated  blows 
gives  in  a  very  striking  manner  the  necessary  information  as 
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to  whether  the  babbitt  has  been  over-heated  or  has  been  poured 
at  too  low  a  temperature.  When  once  badly  overheated,  unlike 
steel,  it  cannot  be  readily  brought  back  to  a  proper  physical 
condition. 

The  problem  of  annealing  of  sheet  steel  has  required  a  good 
deal  of  attention,  and  we  have  spent  a  good  deal  of  money  on 
pyrometers  for  this  purpose;  we  are  still  looking  for  a  thor¬ 
oughly  satisfactory  outfit  for  use  in  our  annealing  furnaces. 

The  whole  subject  of  pyrometers  is  of  tremendous  interest 
and  importance,  all  the  way  from  the  control  of  temperatures 
in  our  kitchens  to  almost  every  process  in  our  factories. 

The  Author  :  It  is  gratifying  to  hear  Mr.  Skinner  cor- 
roborate  my  statements.  In  his  capacity  as  chief  of  the  Research 
Division  of  the  Westinghouse  Electric  &  Mfg.  Company  he  has 
had  a  rare  opportunity  to  become  intimately  familiar  with  many 
of  the  intricate  details  of  the  problems  of  heat  measurements 
and  heat  treatments  of  materials,  which  may  remain  hidden 
to  all  but  a  selected  few.  His  natural  modesty  turns  out  to  be 
our  loss,  for  if  he  were  to  draw  from  his  great  store  of  exact 
knowledge  he  could  give  us  much  information  of  the  mysteries 
into  which  he  has  delved. 

Mr.  Skinner  told  us  among  others  of  the  good  services  of 
the  thermos  bottle,  but  he  omitted  to  speak  of  the  details  of  its 
application.  Perhaps  he  may  have  taken  for  granted  that  all 
present  would  know  of  it.  I  believe  that  its  use  in  connection 
with  thermo-couples  originated  in  my  laboratory,  and  that  the 
details  of  its  application  are  little  known.  Calling  the  appa¬ 
ratus  simply  a  “thermos  bottle’7  is  not  doing  it  justice.  It 
would  be  more  appropriate  to  name  it  “cold  junction  tempera¬ 
ture  regulator.”  A  thermos  bottle  or  preferably  a  thermos  jar 
is  an  excellent  and  simple  means  to  preserve  the  uniformity  of 
temperatures  of  the  cold  junctions  of  thermo-couples.  This  jar 
or  bottle  is  best  filled  with  ice,  though  it  may  contain  water 
of  other  suitable  substances  which  have  been  previously  cooled 
or  heated  to  a  desired  temperature.  When  used  in  the  labora¬ 
tory  it  is  preferable  to  solder  the  free  ends  of  the  thermo-couple 
to  the  connecting  wires  leading  to  the  galvanometer,  recorder 
or  potentiometer.  The  individual  wires  are  carefully  separated 
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from  each  other,  so  that  only  their  junctions  form  a  point  of 
contact.  They  are  introduced  in  this  manner  into  U  tubes,  or 
in  tubes  closed  at  one  end  like  test  tubes,  which  are  pushed 
through  piercings  in  the  cork  closing  the  neck  of  the  bottle, 
and  which  enter  the  ice,  or  other  constant  temperature  medium, 
for  about  three  inches.  An  accurately  graduated  precision 
thermometer  made  for  a  three  inch  immersion  is  also  pushed 
to  the  right  depth  through  the  cork,  and  the  apparatus  is  ready 
for  use. 

Mr.  A.  F.  T.  Wolff  There  is  one  thing  that  Mr.  Stupa- 
koff  forgot  to  mention  and  that  is  the  troubles  usually  found 
with  the  average  practical  man  in  the  works.  We  have  found 
in  quite  a  number  of  instances  that  we  can  send  out  an  expert 
used  to  handling  the  instruments  and  he  will  bring  us  results. 
But  if  we  place  the  same  instrument  out  in  the  mill  and  let  the 
average  workman  use  it,  he  can  not  bring  us  many  good  results. 
Sometimes  it  is  due  to  the  instrument,  cold  junction  too  hot  or 
some  other  of  the  numerous  troubles,  and  in  other  cases  it  is  the 
fault  of  the  man.  It  is  only  after  careful  training  that  the 
average  workman  can  use  the  present  instruments  with  any 
chance  of  good  results. 

For  years  the  steel  makers  have  used  instruments  based  on 
the  calorimetric  principle,  like  the  Siemens  pyrometer,  with  a 
ball  that  is  placed  in  the  furnace,  then  quenched  in  water  and 
the  temperature  of  the  furnace  or  mass  under  treatment  de¬ 
termined  from  the  water  temperature.  This  is  about  the  best 
instrument  for  this  class  of  work  at  present,  as  it  has  no  me¬ 
chanical  complications.  But  it  depends  on  the  absolute  meas¬ 
urements  of  water,  seven  hundredths  of  an  inch  makes  a  differ¬ 
ence  of  25  degrees,  if  it  is  measured  in  an  ordinary  tin  pint 
measure;  glass  flasks  are  easily  broken  and  may  come  to  quite 
a  sum  in  the  course  of  a  year.  The  balls  must  be  properly 
placed  and  also  changed  very  often  as  they  lose  weight :  all  in 
all  the  instrument  requires  special  attention  on  the  part  of  the 
operator  to  secure  good  results. 

Optical  instruments  depend  to  a  large  extent  on  the  man 

JChief  Engineer,  Edgar  Thompson  Works,  Carnegie  Steel  Company, 
Braddock,  Pa. 
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that  uses  them  and  are  inaccurate  when  used  where  flame  or 
gases  abound.  Metallic  expansion  pyrometers  do  not  remain 
accurate  for  any  length  of  time.  Pneumatic  pyrometers  are  a 
source  of  unending  troubles  in  the  works  due  to  the  extremely 
large  influence  of  small  leaks  and  dust.  Radiation  pyrometers 
are  influenced  by  the  temperature  of  the  telescope  and  the  dist¬ 
ance  from  the  body,  although  with  filled  field  they  are  theoretic¬ 
ally  independent  of  distance. 

We  have  found  that  recording  instruments  are  too  delicate. 
They  must  be  placed  on  heavy  stone  or  brick  columns  and 
foundations  and  even  then  are  jarred  and  do  not  give  satis¬ 
factory  results.  The  recording  device  in  itself  is  unsatisfactory 
and  a  source  of  trouble  or  extra  precautions  and  work. 

We  have  tried  instruments  with  base  metal  couples,  with 
rare  metal  couples,  pneumatic  pyrometers  and  practically  instru¬ 
ments  of  all  kinds,  and  have  found  that  the  mechanical  parts, 
like  galvanometers,  etc.,  are  entirely  too  weak  and  delicate,  be¬ 
sides  having  the  usual  cold  junction,  bad  contact  and  resistance 
troubles,  spoilt  and  broken  wells  and  others  of  the  varied  pyro¬ 
meter  annoyances. 

If  our  present  day  watches  were  like  our  pyrometers,  we 
would  miss  many  trains  and  would  probably  throw  them  into 
the  scrap  heap.  The  scientist  and  instrument  maker  should 
give  us  an  instrument  which  we  can  place  in  the  hands  of  the 
average  workman,  which  will  be  robust  and  accurate  within 
five  or  ten  degrees,  without  having  to  correct  for  cold  junction 
variations  or  make  any  other  corrections,  which  requires  no 
special  training  in  its  use  and  which  will  be  fool  proof. 

The  Author:  Our  esteemed  friend  Mr.  Wolff  has  told  us 
of  the  exasperating  trials  which  form  a  part  of  the  daily  routine 
of  the  rolling  mill  engineer.  Nobody  feels  a  deeper  sympathy 
with  him  than  the  speaker,  who  fully  appreciates  his  difficul¬ 
ties.  We  must  be  prepared  for  an  endless  amount  of  trouble 
when  attempting  to  introduce  into  a  mill,  an  apparatus  of  any 
description  which  is  not  only  delicate  in  construction,  but  which 
requires  at  the  same  time  delicacy  in  handling.  The  rolling 
mill  man  must  be  given  something  substantial  and  rugged  to 
secure  his  appreciation.  It  is,  of  course,  quite  difficult  for  men 
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who  are  used  to  handling  large  masses  of  material,  to  become 
accustomed  to  operate  delicate  physical  instruments. 

It  is  entirely  different  with  the  rolling  mill  engineer  him¬ 
self.  He  has  exceptional  opportunities  to  develop  his  discrimi¬ 
native  faculties.  His  vocation  calls  for  exactitude  in  many 
minute  things.  He  always  selects  for  his  use  the  best  and  most 
sensitive  analytical  balances  and  no  other  but  chemically  pure 
reagents;  the  analyses  of  his  raw  materials  and  of  his  finished 
products  are  made  with  the  greatest  accuracy.  He  is  not  satis¬ 
fied  to  trust  his  bare  eyes  with  an  examination  of  the  structure 
of  his  steel,  but  resorts  to  delicate  microscopes  and  photo-micro¬ 
graphic  apparatus  to  gain  his  ends.  However,  he  does  not  en¬ 
courage  the  use  of  instruments  of  precision  beyond  the  labora¬ 
tory.  Mr.  Wolff  says  that  pyrometers  should  indicate  the  heat 
conditions  of  materials  from  five  to  ten  degrees,  meaning  with 
an  accuracy  of  about  *4  to  %  of  one  percent,  and  that  reliable 
heat  measurement  of  moving  bodies  should  be  made  within  a 
few  seconds.  This  places  us  between  two  fires.  The  problems 
to  be  solved  call  for  the  use  of  a  precision  instrument,  and  the 
work  itself  must  be  done  in  the  mill. 

It  becomes  therefore  a  matter  of  give  and  take,  and  we 
are  compelled  to  make  the  best  of  it.  As  up  to  this  time  no 
means  are  known  to  construct  high  temperature  pyrometers 
more  durable  and  of  less  fragile  materials  than  those  which 
are  now  being  used,  they  must  be  handled  with  reasonable  car*' 
in  order  to  avoid  breakage  and  annoyance  which  may  be  caused 
therefrom. 

But,  when  tracing  the  main  source  of  all  trouble  which  Mr. 
Wolff  has  brought  before  us,  it  will  mostly  be  found  a  matter  of 
injudicious  selection,  unsatisfactory  application,  rough  handling 
and  overestimation  of  the  general  usefulness  of  the  instrument. 

Most  everybody  who  intends  to  make  use  of  a  pyrometer 
for  the  first  time  is  under  the  impression  that  such  an  instru¬ 
ment  can  be  had  of  universal  shape,  suitable  for  all  kinds  of  heat 
measurements.  Others  who  have  had  wide  experience  in  their 
use,  as  our  friend  Mr.  Wolff,  knows  that  many  special  forms 
and  even  different  types  are  required  to  meet  different  condi¬ 
tions.  We  can  approach  general,  but  not  universal  usefulness 
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by  making  it  of  portable  form,  something  like  that  as  illus¬ 
trated  in  figure.  But,  I  have  met  with  numerous  examples 
which  make  me  believe  that  it  was  really  this  type  of  pyrometer 
fitting  which  has  been  the  source  of  most  of  the  trouble  that  we 
hear  of.  “The  user  tried  to  stretch  its  field  of  usefulness.” 

Let  us  take  as  an  example  the  specific  requirements  in  a 
rail  rolling  mill.  The  temperature  of  the  head  and  the  foot  of 
the  rail  is  to  be  taken  directly  after  it  has  left  the  last  pass. 
The  time  limit  is  set  at  ten  seconds.  It  is,  of  course,  necessarv 
that  within  this  short  space  of  time  the  pyrometer  must  be 
applied  to  the  rail  itself,  that  it  must  be  given  an  opportunity 
to  assume  an  identical  temperature,  that  the  effect  must  be  trans¬ 
mitted  to  a  suitable  indicating  instrument,  and  that  finally  the 
readings  of  this  instrument  must  be  taken  by  the  deflection  of  a 
pointer  over  a  temperature  scale.  All  this  must  be  done  quicker 
than  it  takes  me  to  tell  you.  It  could  not  be  expected  that  such 
feats  could  ever  be  accomplished  with  a  coarse,  mill  instrument. 
We  have  worked  at  the  solution  of  this  problem  for  nearly  ten 
years,  and  only  after  abandoning  the  crow-bar  idea  have  we 
succeeded  in  completing  a  few  days  ago  an  instrument  which 
will  furnish  the  information  wanted  within  less  than  five  sec¬ 
onds.  Mr.  Wolff  will  have  the  first  opportunity  to  apply  it  in 
practice,  provided  he  assumes  all  risks  after  the  instrument  is 
turned  over  into  the  hands  of  his  ‘  ‘  average ' ’  workman. 

Mr.  Wolff’s  rather  sweeping  criticism  of  all  heat  measur¬ 
ing  instruments  cannot  be  passed  by  in  silence.  To  say  the 
least,  it  must  be  acknowledged  that  his  expressions  are  to  the 
point.  There  is  no  doubt  that  Mr.  Wolff  is  seriously  convinced 
that  the  pyrometer  in  its  present  shape  has  no  business  in  the 
mill,  in  which  case  there  is  no  choice,  the  millman  will  have  to 
do  without  it,  and  he  must  stick  to  his  old  rule  of  thumb  methods 
until  he  can  be  accommodated. 

But,  there  is  no  cause  whatever  for  disagreeing  if  Mr. 
Wolff  wished  to  impress  upon  us  that  it  is  an  extremely  diffi¬ 
cult  matter  to  educate  the  average  workman  to  the  judicious 
application  of  scientific  instruments  of  this  kind;  and  that,  at 
least  for  the  present  they  should  be  handled  in  the  majority  of 
instances  by  a  better  class  of  trained  men,  until  the  worker 
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himself  becomes  thoroughly  familiar  with  their  use  and  until 
he  is  able  to  appreciate  their  value.  If  this  is  the  correct  in¬ 
terpretation  of  Mr.  Wolff's  comments,  we  have  identical  opin¬ 
ions  of  the  situation. 

I  desire  to  mention  a  pyrometer  installation  made  a  few 
years  ago  in  Canton,  Ohio,  which  has  since  been  duplicated  in 
factories  located  in  Toledo,  Detroit  and  other  places.  In  these 
plants  workmen  have  nothing  whatever  to  do  with  the  pyro¬ 
meter  proper.  In  the  first  mentioned  place  are  58  furnaces,  all 
equipped  with  Le  Chantelier  pyrometers  which  are  centralized 
at  a  single  station  where  the  observations  are  made,  and  where 
the  temperatures  are  checked.  All  furnaces  are  equipped  with 
a  series  of  electric  lights;  red,  white  and  green.  When  the 
temperatures  check  correctly  the  white  lights  are  burning. 
When  a  furnace  begins  to  g'et  too  hot  the  operator  switches  on 
the  red  light,  and  the  combination  of  red  and  white  informs  the 
furnace  man  that  this  oven  is  getting  too  hot.  If  it  exceeds  the 
upper  set  limit  the  white  light  it  turned  off,  and  the  red  alone 
remains  burning,  meaning  that  work  must  be  stopped,  and  that 
the  temperature  of  the  furnace  must  be  brought  down  to  work¬ 
ing  conditions.  The  system  is  manipulated  in  exactly  the  same 
manner  when  the  temperature  of  the  furnace  drops  below  nor¬ 
mal,  by  operating  the  green  and  the  white,  or  the  green  light 
only.  The  introduction  of  this  system  has  made  it  possible  to 
have  all  the  heat  treatments  of  the  materials  made  bv  common 
laborers  who  turn  out  a  far  better  product  at  the  present  time 
than  what  could  be  obtained  formerly  with  skilled  mechanics. 

The  furnaces  referred  to  comprise  a  number  of  case  harden¬ 
ing  and  different  kinds  of  hardening  and  tempering  furnaces, 
besides  a  series  of  six  automatic  rotating  hardening  furnaces. 
All  are  worked  in  the  manner  as  I  have  just  described.  No  one 
gets  near  the  pyrometer  galvanometer  but  the  man  who  is  de¬ 
tailed  for  the  job.  There  are  a  few  recording  instruments  in 
the  main  laboratory,  and  any  one  of  these  can  be  switched  on 
to  any  one  of  the  58  furnaces  without  the  knowledge  of  the 
operator,  so  that  anyone  may  expect  that  his  doings  are  being 
watched  at  any  time  during  the  day  or  night.  The  autographic 
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records  also  will  expose  them  if  they  did  not  attend  to  their 
work  as  instructed. 

The  same  system  is  being  used  with  excellent  results  in 
another  plant  where  automobile  and  wagon  springs  are  manu¬ 
factured.  Formerly  no  other  men  but  experts  could  be  employ¬ 
ed  for  this  class  of  work;  now  they  pick  up  any  kind  of  an  in¬ 
telligent  laboring  man,  and  they  are  better  served  and  turn  out 
more  uniform  springs  than  ever  before. 

The  pyrometer  system  has  been  divided  in  this  particular 
instance  into  two  distinct  groups,  one  comprising  rare  metal 
(Pt,  Pt-Rh)  pyrometers,  which  are  used  in  the  hardening  furn¬ 
aces,  and  the  second  consisting  of  base  metal  pyrometers  which 
are  for  the  control  of  temperature  in  the  tempering  furnaces. 
Each  group  is  connected  by  the  introduction  of  a  suitable 
switchboard  connected  to  an  independent  indicating  galvano¬ 
meter. 

These  examples  may  prove,  that  quite  frequently  it  may  be 
an  advantage  to  the  manufacturers  to  turn  the  solution  of  prob¬ 
lems  of  this  nature  over  into  the  hands  of  specialists,  who  have 
the  knowledge  and  experience  to  suggest  methods  which  will 
result  in  reducing  the  cost  of  production  and  in  producing 
goods  of  superior  quality  and  of  unsurpassed  uniformity. 

Mr.  S.  A.  Grayson  :*  While  enjoying  Mr.  Stupakoff’s 
paper,  I  noticed  that  he  did  not  refer  at  any  length  to  the 
electrical  resistance  pyrometer  and  I  would  therefore  like  to 
ask  if  there  is  any  reason  why  this  type  has  not  met  with  such 
favor  in  this  country  as  it  has  and  is  receiving  in  Europe,  par¬ 
ticularly  in  England,  where  they  are  being  used  considerably 
for  hot  blast  work  and  conditions  such  as  the  galvanizing  tank 
where  the  hot  junction  temperatures  have  to  be  contended  with 
to  a  very  serious  extent.  It  is  also  being  used  for  varying  tem¬ 
peratures  up  to  as  high  as  1000  deg.  cent,  with  reasonable  accu¬ 
racy  and  particularly  for  general  steel  hardening  work. 

Of  course  there  is  no  doubt  that  the  Le  Chatelier  thermo¬ 
couple  of  platinum  and  platinum  and  10  percent  rhodium,  using 
the  potentiometer  method  is  by  far  the  most  efficient  for  de¬ 
termining  the  critical  changes  in  steel,  or  other  metals,  which 

♦General  Manager,  Jessop  Steel  Company,  Washington,  Pa. 
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take  place  and  are  shown  in  the  heating  and  cooling  curves; 
particular  evidence  of  this  is  given  with  metals  or  alloys,  the 
critical  points  of  which  are  unusually  sensitive  and  it  is  diffi¬ 
culty  to  secure  constant  readings. 

On  the  question  of  radiation,  or  optical  pyrometers,  my 
experience  has  brought  me  into  contact  with  different  types  of 
these,  including  the  Wanner  and  Siemens;  but  the  Fery  radia¬ 
tion,  based  upon  Stefan’s  law,  seems  to  have  undoubtedly  proven 
the  most  adaptable  in  the  application  to  heat  treatment  of  iron 
and  steel.  The  difficulty  and  error  that  attends  the  use  of  the 
optical  pyrometer  is  the  inconstancy  of  the  standard  light,  in 
most  cases  an  electrical  lamp  attached  to  a  battery,  the  intensity 
of  which  naturally  decreases  and  therefore  the  heat  readings  of 
objects  as  compared  to  this  lamp,  apart  from  the  personal  ele¬ 
ment  of  the  operator  are  consequently  subject  to  error  caused 
by  such  fluctuation.  Of  course,  the  brightness  of  the  electrical 
lamp  can  be  standardized  as  in  the  case  of  the  Wanner  instru¬ 
ment,  with  an  Amyl  Acetate  flame;  but  in  order  to  obtain  con¬ 
stant  and  accurate  readings  a  system  of  periodical  standard¬ 
ization  of  the  light  produced  by  the  battery,  with  a  standard 
flame,  must  be  rigidly  adhered  to. 

The  Author:  Mr.  Grayson’s  remarks  serve  to  show  that  in 
a  general  way  far  greater  attention  is  paid  in  Europe  to  heat 
measurements  and  heat  treatment  of  materials  than  in  America. 
At  least  three  good  reasons  can  be  offered  for  this  fact.  The 
first  is  that  nearly  all  new  types  of  pyrometers  originated  abroad, 
the  second,  that  all  new  methods  and  apparatus  are  carefully 
investigated  by  their  scientists,  and  the  third,  that  scientific 
bodies  always  cooperate  with  the  manufacturer.  We  may  add 
that  scientific  research  work  is  more  liberally  supported  and 
encouraged  by  foreign  governments  than  by  our  own. 

I  assume  that  Mr.  Grayson’s  reference  to  the  various  uses 
of  electric  resistance  pyrometers  for  the  measurement  of  high 
temperatures,  he  mentions  1000  deg.  cent.,  date  back  to  his  ob¬ 
servations  made  not  less  than  two  or  three  years  ago.  As  I  have 
said  before,  we  have  learned  within  the  last  few  years,  and  we 
were  compelled  to  lower  the  rank  of  resistance  pyrometers  after 
it  was  found  that  they  did  not  come  up  to  our  expectations. 
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Please,  do  not  misunderstand  me  or  misconstrue  my  words.  I 
repeat,  their  upper  limit  of  constancy  had  been  estimated1  at 
too  high  a  point ;  whereas  it  has  been  confirmed  that  when  used 
within  the  range  which  has  been  but  recently  established,  they 
supercede  all  other  instruments  which  have  been  devised  for 
measuring  at  the  same  time  wide  and  narrow  ranges  of  tempera¬ 
ture  with  the  utmost  precision. 

My  reply  to  Professor  Linville’s  discussion  contains  answers 
to  the  balance  of  Mr.  Grayson's  questions,  they  will  be  omitted 
here  to  avoid  repetition. 

My  views  as  to  the  most  efficient  means  for  determining  the 
critical  points  in  steel  and  for  producing  cooling  curves  of 
metals  and  alloys  differ  somewhat  from  those  expressed  by  Mr. 
Gravson.  Tt  is  true  that  fairlv  good  curves  can  be  obtained  bv 
following  the  thermo  electric  recording  galvanometer  method, 
which  is  beyond  doubt  the  easiest  one  of  all;  a  far  better  one, 
though  considerably  more  difficult,  is  the  potentiomenter  meth¬ 
od.  The  risistanee  thermometer  method  seems  to  me  lies  half 
way  between.  The  application  of  a  resistance  pyrometer  to  test 
pieces  is  less  convenient,  and  the  test  pieces  themselves  must  be 
carefully  prepared,  which  makes  them  more  expensive  than 
those  which  would  answer  for  applying  a  thermo-couple ;  but 
T  must  say,  that  unquestionably  I  have  obtained  occasionally 
far  superior  curves  by  these  means  than  with  the  aid  of  thermo 
electric  couples  and  a  galvanometer  recorder.  The  principal 

difficulties  which  I  have  encountered  were  the  uncertaintv  of 
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continuous  working  of  the  resistance  recording  instruments.  In 
most  cases  they  would  play  their  pranks  when  it  was  most  es¬ 
sential  that  they  should  keep  on  going  steadily  along,  and  this 
meant  spoiled  work,  lost  time  and  doing  the  work  over.  Neither 
one  of  these  three  methods  gives  good  results  when  working  with 
low  carbon  steels.  There  is  nothing  better  for  such  cases  than 
following  the  method  suggested  by  Saladin,  which  is  the  latest 
and  the  best.  An  apparatus  based  upon  Saladin ’s  principle  is 
now  made  by  Siemens  &  Halske,  and  anyone  interested  may  see 
a  specimen  of  this  excellent  device  in  my  laboratories.  I  be¬ 
lieve  that  it  is  the  first  apparatus  of  its  kind  imported  to  this 
country. 
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Mr.  Grayson’s  reference  to  the  radiation  and  optical  pyro¬ 
meters  seems  to  deserve  a  somewhat  more  explicit  discrimination 
than  that  to  be  inferred  from  his  remarks.  It  would  make  a 
bad  job  if  we  were  to  heel  these  two  distinctly  different  types  of 
instruments  over  the  same  last.  Optical  pyrometers  are  con¬ 
structed  on  the  principle  of  measuring  the  radiations  of  light 
of  a  heated  body,  and  expressing  these  in  equivalents  of  tem¬ 
perature.  Radiation  pyrometers,  or  properly  speaking  “heat 
radiation  pyrometers”  collect  and  concentrate  heat  rays  only 
and  cause  these  to  act  on  a  sensitive  thermo-couple  or  other 
medium,  whereupon  the  heat  energy  is  transferred  into  electrical 
or  mechanical  energy  which  is  used  to  move  a  pointer  over  a 
suitably  graduated  scale. 

Mr.  Grayson  plainly  expresses  his  personal  opinion  as  the 
relative  practical  value  of  both  types  of  instruments,  and,  1  be¬ 
lieve,  that  all  who  have  had  occasion  to  use  them  outside  of  a 
laboratory  will  agree  with  him  in  a  general  way  in  this  respect. 

There  remains  very  little  that  I  could  add  to  his  remarks, 
excepting  perhaps  that  it  is  well  worth  considering  that  the 
principal  difference  between  heat  radiation  and  optical  pyro¬ 
meters  consists  in  that  the  tirst  is  a  self  contained  device  which 
is  adapted  to  indicate  or  record  the  highest  temperatures  inde¬ 
pendent  of  human  agency,  while  the  results  to  be  obtained  with 
the  second  are  matters  of  comparison  which  are  subject  to  varia¬ 
tions  of  attending  conditions  and  always  dependent  upon  the 
personal  skill,  and  the  general  or  momentary  fitness  of  the 
observer. 

Prof.  C.  P.  Linville:  1  think  that  one  of  the  reasons  whv 
the  resistance  pyrometer  has  not  been  used  more  in  this  country 
has  been  the  lack  of  suitable  indicating  and  recording  instru¬ 
ments  for  use  in  connection  with  them.  All  resistance  pyro¬ 
meters  are  dependent  on  some  variation  of  the  bridge  method 
for  determining  the  resistances,  and  each  reading  required  some 
manipulation  of  the  apparatus  before  the  temperature  could  be 
determined.  No  one  will  deny  however  that  the  result  when 
obtained  was  of  the  highest  accuracy.  Even  the  Callendar  re¬ 
corder  has  not  proved  satisfactory,  and  is  too  delicate  for  works 
use.  I  hold  no  brief  for  any  manufacturer,  but  believe  that  1 
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am  within  my  rights  in  saying  that  the  Leeds  and  Northrup 
Company  have  perfected  a  recording  instrument,  which  reads 
and  records  the  temperatures  of  resistance  pyrometers  with  a 
most  excellent  degree  of  accuracy.  At  the  same  time  the  in¬ 
strument  is  rugged,  and  well  suited  to  works  use. 

With  regard  to  the  upper  temperature  limits,  these  instru¬ 
ments  are  preferably  reliable  as  Mr.  Stupakoff  has  just  stated, 
to  a  temperature  of  700  deg.  cent.,  or  about  1292  deg.  fahr.  For 
blast  furnace  hot  blast  it  is  very  rare  that  temperatures  run 
over  this,  so  that  this  type  could  be  depended  upon  to  give  re¬ 
sults,  not  affected  by  cold  end  temperatures,  and  which  could  be 
recorded  with  a  much  greater  degree  of  accuracy  than  any  of 
the  recording  instruments  now  in  use  for  thermo-couple  pyro¬ 
meters. 

Another  point  with  regard  to  the  use  of  pyrometers,  is  that 
whenever  a  recorder  is  applied  to  a  thermo-couple,  the  difficulty 
of  getting  accurate  readings  is  greatly  increased,  because  of  the 
greater  weight  of  the  needle,  the  friction  of  the  pen.  and  the 
lag  which  is  caused  by  the  great  weight  to  be  moved. 

When  it  is  remembered  that  this  needle  has  to  be  moved 
by  the  extremely  small  current  set  up  in  the  thermo-couple,  it 
is  not  surprising  that  the  instrument  soon  gets  out  of  adjustment 
and  gives  inaccurate  readings.  In  the  recorder  now  provided 
for  the  resistance  pyrometers  the  resistance  is  balanced  by  a 
mechanism  actuated  by  an  independent  current,  which  can  vary 
through  a  considerable  range  of  voltage,  which  is  built  rugged, 
and  is  not  easily  deranged  by  vibration,  or  such  handling  as 
would  be  given  it  under  works  conditions.  There  is  no  chance  for 
lag.  Thus  it  would  seem  to  me  that  an  electrical  resistance  pyro¬ 
meter  with  such  a  recorder  would  be  just  the  thing  for  use 
in  taking  hot  blast  and  downcomer  gas  temperatures. 

The  Author:  I  desire  to  reply  to  Professor  Linville’s 
further  remarks  on  the  subject  by  stating  that  the  reason  why 
resistance  thermometers  are  not  more  extensively  used  in  this 
country  cannot  be  ascribed  to  a  lack  of  suitable  indicating  and 
recording  instruments.  We  have  ample  choice  of  both,  and  un¬ 
questionably  we  have  excellent  apparatus  of  superior  design 
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and  construction  that  have  been  brought  out  by  various  respon¬ 
sible  makers  to  choose  from. 

There  are  now  several  firms  making  strong  efforts  to  sell 
their  resistance  thermometers  on  the  American  market,  while 
but  a  few  years  ago  only  a  single  foreign  manufacturing  concern 
made  feeble  attempts  to  offer  their  products. 

I  will  repeat  Mr.  Grayson’s  question,  “Why  is  it  that  the 
resistance  thermometer  is  not  used  more — adding  in  my  own 
words  what  was  evidently  meant  to  round  off  the  sentence — 
than  the  thermo  electric  pyrometer”? 

You  may  readily  find  the  answer  in  my  counter  question: 
“Which  of  the  two  instruments  is  most  universally  known? 
Which  one  is  most  frequently  referred  to  in  scientific  research 
work  ?  Which  one  is  most  universally  distributed  ?  Which  has 
had  the  greater  share  of  advertising?  Which  is  the  simpler 
device?  Which  has  the  widest  scope?  And  which  is  considered, 
and  actually  used  as  a  standard  for  high  temperatures? 

Your  own  answer  to  these  questions  is  my  reply  to  Professor 
Linville’s  argument. 

v  Mr.  J.  M.  G.  Pullman  :*  A  comparatively  new  application 
of  pyrometers  is  to  ovens  or  furnaces  used  in  the  Sherardizing 
process.  In  commercial  work  it  is  customary  to  measure  the 
temperature  of  the  oven  at  some  pre-determined  point  and  by 
experiment  determine  the  proper  temperature  of  oven  to  get 
desired  results  inside  of  the  Sherardizing  retort  or  drum  in 
which  the  material  being  treated  is  contained.  This  practice, 
while  fairly  satisfactory,  does  not,  of  course,  give  the  actual 
working  temperature  of  the  process  and  there  seems  to  be  con¬ 
siderable  doubt  and  varying  opinion  as  to  the  actual  necessary 
minimum  Sherardizing  temperature. 

It  would  seem  that  an  accurate  determination  of  this  tem¬ 
perature  would  be  highly  desirable  for  a  variety  of  reasons.  It 
would,  for  instance,  in  connection  with  t he  temperature  of  the 
oven,  indicate  the  efficiency  of  the  oven  by  comparing  the  lower 
temperature  of  the  drum  with  the  higher  temperature  of  the 
oven.  Also,  it  would  be  useful  in  determining  the  oven  tempera¬ 
ture  to  be  used  under  different  conditions  of  room  temperature. 

♦Secretary  Steel  City  Electric  Company,  Pittsburgh. 
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We  know  that  the  thickness  of  coating  in  the  Sherardizing 
process,  and  consequently  the  measure  of  rust  protection,  is  the 
product  of  the  two  main  factors  of  time  and  temperature,  cer¬ 
tain  other  conditions  remaining  approximately  constant.  It  also 
seems  to  be  desirable  to  work  the  process  at  the  lowest  effective 
temperature,  not  only  on  account  of  complications  with  refer¬ 
ence  to  the  resulting  heat  treatment  of  various  metals  but  on 
account  of  the  variations  in  condition  of  coating,  especially  as 
to  brittleness. 

In  ovens  of  low  efficiency,  for  instance,  those  having  con¬ 
siderable  leakage  and  excessive  draught,  large  variations  in  room 
temperature  will  have  quite  a  distinct  effect  on  the  actual  temp¬ 
erature  at  which  the  product  is  being  worked  even  if  the  ap¬ 
parent  working  temperatures  is  kept  constant  as  indicated  by 
the  temperature  of  the  oven.  On  the  other  hand,  if  we  can 
have  means  to  readily  check  the  efficiency  of  the  oven  we  can 
make  suitable  allowance  for  variations  in  room  temperatures  so 
as  to  keep  constant  the  heat  condition  inside  the  retort. 

Preparations  are  under  way  for  experiments  which  it  is 
expected  will  disclose  with  a  good  deal  of  accuracy  the  actual 
Sherardizing  temperature  inside  the  retort. 

My  principal  object  in  enumerating  the  above  items  is 
to  call  attention  to  the  varieties  of  usefulness  that  proper  pyro¬ 
meter  equipment  can  be  applied  to  and  the  extremely  practical 
results  obtained  by  their  use. 

The  Author:  Mr.  Pullman's  remarks  on  the  value  of 
checking  the  temperature  in  the  Sherardizing  process  is  an  ex¬ 
cellent  word  picture  of  the  story  of  a  successful  manufacturer 
and  business  man.  They  expose  his  unspoken  principle — “What 
is  worth  doing  is  worth  doing  well.” 

Mr.  Pullman  possesses  a  thorough  practical  knowledge  of 
the  Sherardizing  process,  and  knows  and  appreciates  the  value 
and  necessity  of  carefully  gauging  the  attending  temperatures. 
He  has  passed  through  and  mastered  the  difficulties  which  are 
always  encountered  when  newly  devised  methods  are  taken  up 
by  the  manufacturer,  and  much  that  I  have  learned  about  this 
process  was  gathered  in  by  co-operating  with  him  while  trying 
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to  overcome  the  obstacles  and  endeavoring  to  make  this  enter¬ 
prise  a  commercial  success. 

Mr.  Herman  Holz:*  There  is  no  doubt  that  Mr.  Stupak6ff 
is  very  much  experienced  in  the  practicable  application  of 
thermo-electric  pyrometers,  and  as  he  is  a  specialist  in  these  ap¬ 
pliances,  it  is  regretted  that  he  did  not  lay  sufficient  import¬ 
ance  on  electric  resistance  pyrometers  and  optical  pyrometers. 
Several  speakers  indicated  a  preference  for  electric  resistance 
pyrometers  for  certain  purposes.  It  is,  therefore,  hardly  neces¬ 
sary  for  me  to  mention  again  that  for  quite  a  number  of  pur¬ 
poses,  these  are  far  preferable  to  thermo-electric  pyrometers. 

I  would  like  to  mention  one  point  which  has  not  been  dis¬ 
cussed.  Mr.  Stupakoff  said  that  in  many  cases  it  is  of  the  ut¬ 
most  importance  to  use  an  ordinary  mercury  thermometer  in  the 
correct  way  to  get  accurate  readings.  It  is  just  this  point  that 
is  taken  care  of  much  better  in  the  resistance  thermometer  than 
in  a  mercury  thermometer.  The  former  instantly  acquires  the 
temperature  of  its  surroundings,  so  that  the  thermometer  im¬ 
mediately  responds,  and  indeed,  far  more  readily  than  a  mer¬ 
cury  thermometer. 

A  special  type  of  electric  resistance  thermometers  has  been 
developed  recently  which  is  made  in  such  a  way  that  the  re¬ 
sistance  consists  of  an  absolute  chemically  pure  platinum  wire 
coiled  in  a  spiral  on  a  small  rod  of  quartz  glass.  This  rod  and 
the  platinum  coil  are  then  introduced  into  a  thin  tube  of  quartz 
which  is  intimately  fused  onto  the  rod,  so  that  the  resistance 
wire  lies  very  close  to  the  surface;  thus  the  resistance  wire  is 
completely  protected  from  the  injurious  effects  of  gases,  vapors, 
etc.,  and  the  well  known  properties  of  the  quartz  render  the 
entire  instrument  capable  of  standing  the  most  sudden  changes 
of  temperature.  This  type  of  resistance  pyrometer  is  made  for 
measuring  temperatures  from  — 200  to  4-  900  deg.  cent.,  and 
very  fine  recording  devices  have  been  constructed  in  connection 
with  these  instruments. 

Although  the  importance  of  resistance  pyrometers  has  been 
mentioned  by  several  speakers  no  one  discussed  the  large  im- 

♦Department  Manager,  Scientific  Materials  Company,  Pittsburgh. 
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provements  which  have  been  made  in  recent  years  in  optical 
pyrometers. 

Mr.  Stupakoff  mentioned  in  his  lecture  his  experience  in 
optical  pyrometry  of  some  years  ago,  but  it  is  regretted  that  he 
did  not  mention  the  improvements  and  the  many  applications 
which  optical  pyrometers  have  found  since  that  time,  as  these 
instruments,  for  quite  a  number  of  purposes  are  the  only  ones 
which  can  be  used  at  all.  For  measuring  the  temperatures  in 
glass  furnaces,  cement  works,  gas  retorts  and  porcelain  factories, 
optical  pyrometers  are  preferable  to  any  other  type  of  high 
temperature  measuring  instruments. 

I  believe  that  the  recent  improvements  in  the  construction 
of  optical  pyrometers  with  direct  reading  temperature  scales 
and  steel  cases,  which  completely  protect  the  instruments  against 
heat  and  dust,  are  the  most  perfect  types  of  pyrometers,  which 
can  at  present  be  obtained  for  the  correct  measurement  of 
temperatures  from  625  to  7000  deg.  cent.  The  U.  S.  Bureau 
of  Standards  and  the  Reichsanstalt  have  recognized  this  fact 
long  ago.  and  have  given  due  acknowledgment  to  the  import¬ 
ance  of  optical  pyrometry  in  a  number  of  highly  interesting 
circulars.  An  instrument  designed  on  the  basis  of  an  infallible 
physical  law  must  always  be  preferable  to  devices  constructed 
on  ‘‘ascertained  properties’’  of  certain  materials,  such  as  the 
thermo  electric  forces  expressed  by  galvanometers  connected  to 
thermo-couples,  resistance  pyrometers,  and  radiation  pyro¬ 
meters. 

The  Author  :  Mr.  Holz  feels  disappointed  that  the  pres¬ 
ent  paper  does  not  sufficiently  dwell  on  the  merits  of  the  resist¬ 
ance  thermometer  and  of  optical  pyrometers.  Both  types  of 
temperature  measuring  instruments  have  been  frequently  men¬ 
tioned.  Among  others  I  found  occasion  to  call  your  attention 
to  the  result  of  the  latest  investigations  and  revised  practice 
which  placed  the  upper  limit  for  continuous  use  of  resistance 
thermometers  at  700  deg.  cent.  This  greatly  reduces  their  field 
of  usefulness  in  the  iron  and  steel  industries,  the  scope  of  this 
paper,  notwithstanding  the  fact  that  heretofore  they  have  been 
applied  to  some  extent  for  the  purpose.  Their  use  is  therefore 
confined  to  the  various  tempering  and  plating  processes  where 
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good  results  should  be  obtained  with  resistance  thermometers  of 
practical  form  and  design. 

Mr.  Holz  calls  attention  to  the  latest,  and  undoubtedly  the 
best  resistance  thermometers  on  the  market.  lie  states  that 
these  instruments  are  made  for  measuring  temperatures  up  to 
900  deg.  cent,,  but  it  is  evidently  unknown  to  him  that  the 
manufacturer  refuses  to  guarantee  and  furnish  these  thermom¬ 
eters  for  industrial  purposes  for  higher  temperatures  than  700 
deg.  cent.  It  would  seem  that  this  fact  settles  the  point  in 
question. 

Mr.  Holz's  reference  to  mv  remarks  on  mercury  ther- 
mometers  would  indicate  that  he  must  have  misunderstood  me. 
1  pointed  out  the  errors  caused  by  different  and  inadequate 
depth  immersion ;  while  he  speaks  of  their  lag.  which  I  did  not 
mention.  Of  course,  they  lag,  some  more,  some  less,  depending 
upon  their  construction;  and  so  do  all  heat  measuring  instru¬ 
ments.  In  resistance  thermometers  and  thermo  electric  pyro¬ 
meters  with  elements  of  small  cross  section  this  lag  is  of  very 
short  duration,  but  it  would  be  claiming  too  much  to  say  that 
their  action  is  instantaneous.  The  active  substance  must  be 
heated  in  all  instances  to  the  identical  temperature  which  is  to 
be  measured,  and  this  involves  the  factor  of  time  without  ex¬ 
ception.  The  quickest  acting  instrument  is  that  representing 
the  smallest  mass,  and  constructed  of  materials  possessing  high¬ 
est  degree  of  heat  conductivity. 

I  have  previously  referred  to  optical  pyrometers,  citing 
some  of  my  experiences  and  giving  you  my  personal  opinion  of 
their  practical  value  in  the  iron  and  steel  industries.  It  was  to 
be  expected  that  my  views  would  meet  with  some  opposition. 
I  will  stand  corrected,  if  I  could  be  convinced  to  the  contrarv; 

7  v  7 

but  that  should  be  done  by  practical  demonstration,  not  in  the 
laboratory,  but,  in  some  iron  or  steel  works.  1  should  be  very 
glad  indeed  if  a  reliable  and  practical  shop  instrument  built 
on  the  principle  of  optical  pyrometers  could  he  pointed  out  to 
me;  there  is  unquestionably  much  use  and  great  demand  for  it 
in  the  works.  It  is  true,  all  instruments  of  this  kind  are 
strongly  opposed  hv  the  practical  worker,  but  we  meet  many  in¬ 
telligent  progressive  and  up  to  date  men  in  our  works,  who  will 
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willingly  assist  in  solving  our  problems.  It  should  not  wound 
our  pride  if  they  advise  us  as  to  their  practical  requirements. 
We  will  never  succeed  in  permanently  placing  our  instruments 
in  their  works  until  we  can  meet  their  wants,  and  until  we  cease 
to  take  for  granted  that  what  has  proved  superior  in  the  labora¬ 
tory  should  be  equalty  as  good  in  the  factory. 

Mr.  W.  B.  Driver:*  In  Mr.  Stupakoff’s  description  of  the 
base  metal  couple,  he  mentioned  only  an  ‘ ‘  advance-iron  ’  ’  com¬ 
bination. 

For  high  temperature  measurements,  this  is  not  suitable 
on  account  of  the  relatively  low'  melting  point  of  the  advance 
and  the  rapid  oxidation  of  the  iron.  However,  for  the  lower 
range  of  temperatures  as  from  that  of  liquid  air  to  about  300 
d'eg.  cent,  this  couple,  or  better  still  one  of  advance  and  copper, 
is  the  most  accurate  for  use  in  connection  with  calorimeters. 
Advance-copper  thermo-couples  have  been  used  and  an  accuracy 
of  0.001  deg.  obtained. 

For  a  complete  discussion,  see  the  calibration  of  copper- 
constantan  thermo  elements  by  W.  B.  White,  H.  C.  Dickinson 
and  E.  F.  Mueller,  in  the  “Physical  Review”,  vol.  21,  No.  2, 
Aug.  1910. 

A  couple  of  pure  nickel  for  one  side  and  “nichrome”  for 
the  other,  will  answer  very  well  for  the  higher  range  of  temp-  . 
eratures,  its  upper  limit  being  in  the  neighborhood  of  1200  deg. 
cent.  The  weak  part  of  this  couple,  is  the  pure  nickel.  Better 
couples  than  that  mentioned  can  probably  be  made,  and  alloy 
manufacturers  are  endeavoring  to  strengthen  this  part  of  the 
pyrometer. 

Mr.  Stupakoff  has  called  our  attention  to  four  places  in  a 
pyrometer  outfit  that  can  be  causes  of  trouble.  Starting  from 
the  fire  they  are : 

First :  The  protecting  tube  or  tubes. 

Second:  The  couple  itself. 

Third  :  The  cold  junction. 

Fourth  :  The  milli-volt  meter. 

For  the  protecting  tube,  gradual  progress  is  being  made 
but  for  some  lines  of  work,  at  least,  the  carborundum  tube  men- 

♦President,  Driver-Harris  Wire  Company,  Newark,  N.  J. 
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tioned  by  the  author  has  not  shown  the  results  expected  of  it. 
A  proper  protecting  tube  is  vital  to  both  the  accuracy  of  the 
reading,  and  the  life  of  the  couple.  It  is  possible  that  a  tube 
made  of  “nichrome”  would  be  quite  satisfactory  for  some  ap¬ 
plications.  It  might  also  be  found  that  the  new  form  of  alun- 
dum,  which  is  not  porous,  might  be  of  use. 

The  best  base  metal  couple  now  to  be  had  is  still  open  to 
criticism,  but  better  things  are,  no  doubt,  in  store.  Some  method 
of  compensation  must  be  provided  for  the  cold  junction  or  else 
it  must  be  sufficiently  removed1  from  the  source  of  each  to  make 
its  temperature  constant.  Some  progress  has  already  been  made 
along  these  lines. 

The  milli-volt  meter  must,  of  course,  be  reliable.  Fortu¬ 
nately,  this  is  a  matter  only  of  expense  that  is  not  prohibitive. 

The  Author:  Mr.  Drivers’  comments  on  that  portion  of 
this  evening’s  paper  dealing  with  base  metal  pyrometers  are  cer¬ 
tainly  to  the  point.  They  are  precise  and  presented  in  a  com¬ 
mendable  order,  characteristic  of  a  man  used  to  systematic  work. 
Nothing  can  be  added  to  his  statements  of  facts  regarding  iron 
— advance  and  copper-advance  thermo-couples.  The  informa¬ 
tion  cited  is  an  interesting  addition  to  the  data  generally  known. 

Many  other  combinations  of  metals  and  alloys  have  been 
tried  in  hope  to  find  one  which  would  be  better  fitted  for  thermo 
electric  couples  than  those  which  we  now  have.  Some  of  them 
have  made  inroads  on  the  open  market,  though  apparently  rare¬ 
ly  on  account  of  actual  superior  merits.  It  would  seem  that  in 
most  instances  this  was  rather  due  to  the  exceptional  commer¬ 
cial  ability  displayed  by  their  distributors.  Whether  this  has 
contributed  to  spread  knowledge  or  faith,  or  trust  in  this  class 
of  instruments  remains  an  open  question.  It  is  putting  it  mild¬ 
ly  to  say  that  more  care  should  have  been  bestowed  upon  the 
majority  to  claim  for  them  a  rank  among  high  temperature 
measuring  instruments.  Nevertheless,  as  a  class,  they  deserve 
full  credit  of  being  excellent  for  measuring,  reliably,  compara¬ 
tively  low  temperatures  with  good  galvanometers,  provided  the 
necessary  precautions  are  taken  to  eliminate  errors  due  to  known 
causes.  What  has  been  said  is  . here  repeated,  and  it  cannot  be 
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repeated  too  often,  “The  greatest  mistake  made  is  that  their- 
upper  limit  of  usefulness  is  commonly  overestimated.’* 

Consequent  over  exposure  is  the  principal  cause  for  fail¬ 
ures,  which  have  brought  them  to  disrepute,  which  often  resulted 
in  dissatisfaction,  and  which  has  earned  them  general,  though 
mostly  unwarranted  distrust. 

It  is  comforting  to  know  that  experimenting  on  these  lines 
is  still  being  continued  and  that  we  may  hope  to  be  furnished 
eventually  with  a  base  metal  thermo-couple,  which  for  reason¬ 
ably  high  temperatures  may  prove  to  be  not  only  a  rugged,  but 
at  the  same  time  a  reliablv  constant  means  of  measure. 

Mr.  Driver  mentions  a  couple  consisting  of  a  combination 
of  pure  nickel  and  nichrome,  for  which  an  upper  limit  of  ap¬ 
proximately  1200  deg.  cent,  (about  2200  deg.  fah.)  is  being 
claimed.  It  would  appear  that  such  statements  should  always 
be  accompanied  by  figures  giving  the  life  of  the  piece  of  ap¬ 
paratus  where  used  under  various  specific  conditions.  It  cannot 
be  immaterial  whether  such  metals  are  exposed  to  high  temp¬ 
eratures  in  the  open  or  with  suitable  protections,  nor  is  it  likely 
that  they  will  have  the  same  properties  in  a  reducing  or  in  an 
oxydizing  atmosphere  with  metallic  vapors,  or  in  molten  sub¬ 
stances.  An  intimate  knowledge  of  their  behavior  under  such 
or  similar  conditions  is  of  great  value.  It  aids  us  in  answering 
the  principal  questions,  placed  before  us  by  the  practical  man, 
who  invariably  asks :  ‘  ‘  How  much  does  it  cost,  how  long  will  it 
last,  is  it  mechanically  strong,  can  it  be  used  by  a  common 
laborer,  how  long  will  it  remain  constant,  how  much  will  it  fall 
eff  under  continuous  exposure,  should  it  be  used  only  tempor¬ 
arily,  or  intermittently,  how  often  will  it  have  to  be  replaced 
and  what  is  the  cost  of  maintenance  ?  ’  ’ 

We  are  impatiently  looking  forward  for  a  really  service¬ 
able  base  metal  pyrometer.  We  need  something  rugged  for 
general  factory  use.  Will  nichrome  be  one  of  its  elements? 
It  possesses  a  high  melting  point  and  it  offers  considerable  re¬ 
sistance  to  oxydation.  Both  are  points  in  its  favor.  I  have 
tested  some  samples  of  nichrome  wire  as  to  homogeneity  and 
found  that  also  in  this  respect  it  is  superior  to  many  other 
metals  and  alloys.  Its  e.  m.  f.  when  opposed  to  nickel  is  com- 
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paratively  high,  which  admits  of  giving  well  constructed  gal¬ 
vanometers  a  high  resistance,  another  point  in  its  favor,  liut 
it  is  an  alloy  which  is  extremely  difficult  to  fuse,  to  braze,  or 
to  solder  to  either  nickel  or  any  other  metal.  If  this  cannot  be 
satisfactorily  accomplished  so  as  to  produce  a  perfect  joint 
and  to  preserve  at  the  same  time  the  good  < |iia lities  of  the  wires, 
which  are  essential  in  forming  a  reliable  thermo-couple,  all  the 
other  good  properties  combined,  which  nichrome  may  possess 
will  not  outweigh  this  one  objectionable  fault.  It  is  of  course 
possible  that  this  problem  has  been  satisfactorily  solved  and  that 
even  now  suitable  means  or  methods  are  known  which  overcome 
this  difficulty,  though  I  know  of  none.  If  this  is  the  case,  the 
manufacturers  of  this  particular  brand  of  material  may  be  able 
to  enlighten  us,  and  as  for  myself  I  shall  be  certainly  thankful 
for  their  advice. 

Mr.  George  Schindler:*  It  may  interest  you  to  hear  of 
the  latest  improvement  in  pyrometry,  which  originated  in  our 
laboratories.  It  is  an  automatic  regulating  device,  especially 
designed  for  use  in  connection  with  galvanizing  pyrometers,  for 
keeping  the  points  of  cold  junctions  of  base  metal  thermo¬ 
couples  at  practically  a  uniform  temperature.  We  have  suc¬ 
ceeded  in  adjusting  the  apparatus  to  operate  reliably  within  one 
half  of  one  degree  fahrenheit,  though  in  practice  it  will  prove 
nearly  always  sufficient  to  get  within  four  or  five  degrees.  The 
actual  error  thus  remaining  in  the  indicating  or  recording  in¬ 
strument  will  then  be  les  than  two  degrsees,  an  amount  which  is 
barely  perceptible  with  the  aid  of  a  magnifying  glass. 

I  have  just  returned1  from  the  galvanizing  plant  of  the 
National  Tube  Company  at  Versailles,  where  we  have  installed 
such  an  apparatus.  It  went  off  without  the  slightest  hitch;  and 
Mr.  Lynch  the  manager  of  the  works  expressed  himself  as  pleas¬ 
ed  beyond  expectations  with  its  working.  He  added  that  he 
felt  confident  this  apparatus  should  prove  a  sure  means  to 
solve  the  most  serious  difficulties  in  galvanizing  which  he  had 
to  contend  with.  A  duplicate  of  this  instrument  has  been 
working  uninterruptedly  for  months  in  our  laboratories,  and  1 
am  sure  you  will  give  Mr.  Stupakoff  due  credit  for  the  in- 

♦Superintendent,  Stupakoff  Laboratories. 
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genuity  which  he  displays  when  it  is  lip  to  him  to  solve  knotty 
engineering  problems. 

Chairman  W.  E.  Snyder:*  We  started  the  practical  use 
of  electrical  pyrometers  ten  or  twelve  years  ago,  and  if  I  were 
to  give  in  detail  our  experiences  since  that  time  I  presume  this 
discussion  would  be  continued  an  hour  or  two  longer. 

The  first  Le  Chatelier  pyrometer  which  we  used  was  pur¬ 
chased  from  Eimer  &  Amend  in  New  York,  partly  because  at 
that  time  it  was  not  possible  to  buy  such  instruments  in  Pitts¬ 
burgh,  and  also  because  it  was  desired  to  buy  from  the  house 
which  imported  them,  in  the  expectation  of  getting  the  best 
first  hand  information  regarding  their  use. 

These  instructions  were  very  expensive,  and  I  think  the  cost 
of  one  thermo-couple  and  the  porcelain  tube  which  incloses  it 
was  $60.  The  first  time  this  couple  was  used  was  to  measure 
the  temperature  in  the  upper  part  of  a  gas  producer,  which  was 
done  by  introducing  the  couple  encased  in  the  porcelain  tube 
through  a  poke  hole,  all  in  accordance  with  the  instructions  of 
the  sellers  of  the  instrument.  The  gas  escaping  from  the  poke 
hole  suddenly  ignited,  causing  the  workmen  holding  the  tube 
in  place  to  make  a  quick  jump,  which  broke  the  porcelain  tube, 
and  the  unprotected  couple  was  almost  immediately  destroyed 
,by  the  effect  of  the  producer  gas. 

It  is  experiences  of  this  kind  with  all  kinds  of  variations 
which  cause  me  to  appreciate  the  remarks  which  Mr.  Wolff  made 
on  this  subject.  Mr.  Stupakoff  suggests  that  the  reason  trouble 
occurs  in  the  practical  use  of  pyrometers  is  that  the  persons 
who  use  them  do  not  consult  enough  with  those  who  make  a 
specialty  of  this  kind  of  work.  In  this  I  do  not  altogether 
agree,  for  the  reason  that  during  the  past  few  years  w^e  have 
consulted  with  almost  everyone  whom  we  could  find  who  had 
experience  in  the  practical  use  of  high  grade  pyrometers.  We 
found,  however,  that  there  was  a  great  dearth  of  reliable  in¬ 
formation  on  this  whole  subject. 

The  makers  of  instruments  in  this  country,  reading  that 
modern  industrial  conditions  demanded  high  grade  pyrometers, 

♦Mechanical  Engineer,  American  Steel  &  Wire  Company,  Frick  Build¬ 
ing,  Pittsburgh. 
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set  themselves  very  industriously  to  work  to  supply  that  de¬ 
mand.  In  this  task  it  seems  to  me  they  were  not  guided  by  a 
sufficient  knowledge  of  the  problem  with  which  they  had  to  deal. 
An  instrument  would  be  developed  and  very  soon  placed  in 
the  hands  of  the  salesman,  who  would  make  the  most  positive 
statements  regarding  its  accuracy  and  reliability.  It  was  en¬ 
tirely  incumbent  upon  the  manufacturer  to  disprove  such  state¬ 
ments,  which  could  only  be  done  by  purchasing  an  instrument 
and  putting  it  into  service.  The  effect  of  this  was  an  almost 
continuous  series  of  tests,  with  very  unsatisfactory  results,  not¬ 
withstanding  the  best  counsel  which  could  be  obtained  from  the 
makers  and  sellers  of  the  instruments. 

There  is  no  doubt  in  my  mind,  however,  that  the  problem  of 
making  a  high  grade  pyrometer  which  will  be  both  accurate 
and  durable  is  now  much  nearer  solution  than  it  has  ever  been 
before,  and  I  believe  thoroughly  in  what  Mr.  Stupakoff  has 
said  in  his  discussion.  There  is  a  field  for  the  engineering 
specialist  in  the  development  and  installation  of  high  grade 
temperature  measuring  instruments,  and  it  is  only  such  men 
as  Mr.  Stupakoff,  his  able  assistant,  and  others  of  like  attain¬ 
ments  and  experience,  who  can  hope  to  work  in  this  field  sue- 
cessfullv. 

The  unloading  on  manufacturers  of  all  kinds  of  so-called 
high  grade  pyrometers  which  have  never  been  developed  suffi¬ 
ciently  to  warrant  their  being  sold  thoroughout  the  country, 
only  causes  trouble  and  expense  to  the  manufacturers,  and  cer¬ 
tainly  cannot  contribute  to  the  continued  success  of  the  makers. 
1  think  the  fault  has  been  in  the  effort  to  sell  cakes  which  were 
not  even  half  baked. 

The  difficulties  which  have  been  experienced  are  these.  In¬ 
struments  which  were  reliable  and  accurate  were  of  such  a  type 
that  they  could  not  be  used  long  in  practical  work  without  get¬ 
ting  out  of  adjustment;  handled  by  experienced,  technical  men 
for  test  purposes,  they  were  satisfactory,  but  the  attempt  to  use 
them  regularly  in  manufacturing  processes  was  not  satisfactory. 
In  addition  to  this  they  were  too  expensive. 

The  cheaper  types  of  instruments  with  the  base  metal 
couples  have  proved  for  the  most  part  very  unreliable.  After 
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comparatively  short  periods  of  use,  the  couples  would  deterior¬ 
ate,  so  that  there  was  always  doubt  about  the  temperature  in¬ 
dicated.  In  addition  to  this  the  galvanometers  were  also  un¬ 
satisfactory,  making  continuous  calibrations  and  tests  neces¬ 
sary,  which  is  a  kind  of  work  not  easily  done  at  manufacturing 
plants. 

It  is  to  be  hoped  that  the  use  of  the  best  base  metal  couple 
now  made  and  also  the  best  high  resistance  galvanometer  will 
completely  eliminate  the  troubles  which  have  just  been  men¬ 
tioned.  What  is  required  is  reliability  and  durability.  When 
these  characteristics  are  features  of  the  instrument,  the  only 
question  is  proper  installation  and  use  of  the  same,  which  the 
manufacturer  will  work  out  for  himself.  However,  the  manu¬ 
facturer  must  look  to  the  instrument  maker  to  produce  for  him 
an  instrument,  not  for  laboratory  use  by  a  technical  man,  but 
for  installation  and  use  in  a  manufacturing  process.  The  first 
cost  is  a  comparatively  small  matter  provided  the  instrument  is 
thoroughly  reliable  and  durable. 

The  Author:  It  is  very  gratifying  to  note  by  the  large 
attendance  at  this  meeting,  which  the  title  of  this  paper  may 
have  attracted  and  by  the  lively  discussion  which  followed  its 
reading,  that  the  members  of  this  Society  are  vitally  interested 
in  the  subject  of  pyrometry.  From  what  we  have  heard  it 
would  appear  that  while  all  iron  and  steel  men  seem  to  feel  the 
necessity  of  keeping  the  temperatures  attending  their  processes 
securely  under  their  thumb ;  in  most  cases  they  have  been  up 
against  it,  have  burnt  their  fingers  and  dropped  it  like  a  hot 
potato.  No  wonder  that  there  should  have  been  much  oppo¬ 
sition,  endless  fault  finding  and  severe  criticism.  In  relating 
to  this  evening’s  experience  one  would  be  inclined  to  hum  un- 
conciously : 

“  Every  time  we  heard  a  soun” 

They  were  kicking  the  poor  pyrometer  ’roun’” 

There  is  nothing  more  effective  to  lead  to  a  speedy  solu¬ 
tion  of  unsolved  engineering  problems  than  relating  failures 
and  experiences.  It  leads  invariably  to  an  exchange  of  ideas; 
suggestions  may  be  offered  and  advice  be  given  by  others,  who- 
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may  have  a  broader  knowledge  of  the  respective  field  which 
happens  to  be  under  discussion. 

Your  chairman,  Mr.  Snyder  apparently  has  had  his  share 
of  trouble  with  pyrometers.  In  fact,  everybody  seems  to  have 
had  it,  as  we  have  heard  this  evening  very  little  spoken  in  their 
favor.  He  relates  his  first  experience  with  a  Le  Chatelier  pyro¬ 
meter,  which,  as  he  said,  was  purchased  in  New  York,  because 
at  that  time  it  could  not  be  had  in  Pittsburgh.  I  take  the 
liberty  correcting  him  in  saying,  “because  it  was  not  sufficiently 
known  where  it  could  be  had  in  Pittsburgh.”  He  thinks  that 
the  price  paid  for  the  couple  and  the  porcelain  protection  tube 
was  $60 ;  but  a  standard  couple  alone,  without  porcelain  tubes 
could  never  be  bought  for  less  than  $60,  their  prices  are  now 
higher,  and  the  protection  may  have  cost  an  additional  ten  or 
fifteen  dollars. 

However,  in  my  opinion,  the  greatest  mistake  made  was  to 
ask  specific  advice  from  a  dealer  in  such  instruments ;  and  know¬ 
ing  the  conditions  under  which  it  was  to  be  applied,  to  implicity 
follow  such  instructions  given  by  a  layman,  and  taking  the 
chance  of  breaking  the  expensive  fragile  tubing.  Mr.  Snyder’s 
statement  that  on  account  of  the  breakage  the  couple  was  im¬ 
mediately  destroyed  by  the  effect  of  the  producer  gas  is  in¬ 
correct  as  this  is  impossible,  as  it  takes  days  and  weeks  of 
exposure  in  the  open,  before  the  damaging  effect  under  such 
conditions  can  be  noticed. 

I  hope  Mr.  Snyder  will  pardon  me  saying  that  there  is  one 
point  on  which  I  fully  agre  with  him,  which  is  disagreeing  as 
to  the  principle  cause  of  failure  to  overcome  difficulties. 

Mr.  Snyder’s  remarks  on  the  modern  tendency  of  throw¬ 
ing  all  kinds  of  undeveloped  instruments  on  the  market,  for 
the  sole  purpose  of  making  sales  appeals  to  me  as  a  vivid  pic¬ 
ture  of  actual  conditions,  such  as  are  found  everywhere  in  this 
country.  It  does  irrepairable  harm.  It  brings  all  instruments 
of  their  kind  into  disrepute  and  it  is  largely  on  this  account 
that  manufacturers,  who  would  be  the  most  likely  users,  are 
losing  confidence  in  both  the  good  and  bad  belonging  to  the 
same  class. 
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One  word  more  in  reply  to  Mr.  Snyder’s  summary  of  the 
principle  characteristics  of  base  metal  and  rare  metal  pyro¬ 
meters.  The  gist  of  it  is  that  all  the  cheaper  instruments  are 
unreliable,  short  lived  and1  unsatisfactory,  and  the  better  class, 
though  reliable,  are  wanting  in  adaptability  and  are  too  expen¬ 
sive. 

In  admitting  that  the  first  cost  is  a  comparatively  small 
matter,  provided  the  instrument  is  thoroughly  reliable  and 
durable,  Mr.  Snyder  is  coming  down  to  hard  facts.  In  con¬ 
cluding  this  long  and  fruitful  discussion,  I  join  the  hope  ex¬ 
pressed  by  Mr.  Driver,  that: 

“There  may  be  better  things  for  us  in  store.” 


[A  partial  bibliography  of  recent  literature  on  Pyrometry  is  appended 

and  it  is  desired  to  acknowledge  the  assistance  of  the  Technology  Depart¬ 
ment  of  the  Carnegie  Library  of  Pittsburgh  in  its  preparation. — 

Editor.] 
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1909.  (In  Electro-Chemical  and  Metallurgical  Industry,  v.  7,  p.  116.) 

An  article  calling  attention  to  a  mistake  often  made  by  users  of 
thermo-electric  pyrometers. 


SURVEYS  OF  PROPERTY  IN 
PENNSYLVANIA 


By  Louis  P.  Blum* 


Even  to  the  minds  of  many  engineers,  the  survey  of  prop¬ 
erty  lines  presents  no  greater  difficulties  than  the  exact  meas¬ 
urement  of  angles  and  distances.  Accuracy  in  measurement, 
however,  is  largely  a  matter  of  mechanical  skill  and  practice ; 
requiring  judgment  principally  in  the  determination  of  the  de¬ 
gree  of  accuracy  justified  by  the  financial  interest  involved. 

It  is  not  the  purpose  of  this  paper  to  describe  in  detail, 
methods  of  obtaining  mechanical  accuracy ;  the  purpose  is  rather 
to  consider  some  of  the  circumstances  which  must  be  considered 
in  establishing  property  lines  in  accordance  with  original  lines 
and  the  laws  of  the  Commonwealth. 

Immediately  after  the  settlement  of  Philadelphia  in  1682, 
a  form  of  government  was  established  under  the  proprietor, 
Many  grants  of  land  were  made  by  William  Penn,  while  still 
residing  in  England,  and  Philadelphia  and  its  suburbs  were 
laid  out  to  fulfill  the  conditions  of  these  English  grants.  Penn’s 
original  plan  for  the  development  of  his  property  was  to  divide 
it  into  townships  of  5000  acres  each,  and  to  sell  the  land  in  each 
township  before  another  was  laid  out.  This  plan,  however,  was 
never  carried  out;  the  proprietors,  constantly  harrassed  by  debt, 
were  compelled  to  sell  under  conditions  prescribed  by  the  pur¬ 
chaser.  Very  early  in  Pennsylvania  history,  we  find  land  laid 
oft'  in  irregular  shapes  and  sizes,  being  bounded  by  the  streams, 
hills  and  other  natural  objects.  Any  person  desiring  to  take 
up  land,  located  his  claim,  applied  for  a  warrant  of  survey  and 
returned  his  survey  to  the  Surveyor  General,  paying  for  his 
land  at  such  low  prices  as  seventy  cents  to  two  dollars  per  acre. 

Presented  at  the  regular  monthly  meeting  of  the  Society,  September 
24,  and  published  in  the  October,  1912,  Proceedings. 

♦Assistant  Engineer,  W.  G.  Wilkins  Co.,  Westinghouse  Building,  Pitts¬ 
burgh. 
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Land  was  plentiful,  settlers  and  purchasers  were  few;  conse¬ 
quently  various  inducements  were  held  out  to  make  Pennsyl¬ 
vania  lands  more  attractive  to  the  intending  settler  than  the 
neighboring  lands  of  New  York,  Maryland  and  Virginia.  Jus¬ 
tice  Huston  tells  us  that  the  Governor  of  Virginia  offered  land 
free  to  all  such  as  would  settle  and  raise  a  single  crop  of  corn. 
In  1735,  the  Pennsylvania  proprietors  promoted  an  unsuccess¬ 
ful  lottery,  which,  if  successful,  would  have  obtained  for  them 
less  than  $100  000  for  as  many  acres  of  ground. 

The  proprietor  reserved  for  himself  large  tracts  or  manors 
of  1000  acres,  or  more;  this  was  held  until  the  development  of 
surrounding  property  increased  its  value,  and  then  sub-divided 
and  sold.  It  was  not  until  1749  that  any  considerable  portions 
of  the  manors  were  sold.  It  is  not  possible  within  the  limits  of 
this  paper  to  describe  these  settlements  and  land  titles  in  detail. 
The  early  development  was  slow  in  spite  of  the  strenuous  efforts 
of  William  Penn  and  his  heirs  to  induce  European  immigration. 
No  warrants  were  issued  for  lands  west  of  the  Susquehanna 
River  until  1766;  and  the  first  warrants  west  of  the  Allegheny 
mountains  were  for  the  Manor  of  Pittsburgh  and  surrounding 
property  1769;  the  Manor  of  Kittanning  1769,  the  Redstone 
Settlement  1770  (Brownsville),  and  Latrobe,  in  about  the  same 
year. 

Disputes  along  the  southern  boundary  of  Pennsylvania  re¬ 
tarded  development.  The  line  between  the  royal  grants  to 
William  Penn  and  Lord  Baltimore  was  not  clearly  described. 
After  much  litigation  and  the  establishment  of  a  temporary 
line  which  was  used  for  some  years,  between  the  two  colonies, 
Charles  Mason  and  Jeremiah  Dixon  were  brought  from  Eng¬ 
land  in  1764,  and  in  the  three  succeeding  years  established  per¬ 
manently  the  line  between  Pennsylvania  and  Maryland,  carry¬ 
ing  their  work  as  far  west  as  Dunkard’s  Creek,  Greene  County, 
where  the  hostility  of  the  Indians  prevented  further  progress. 
This  establishment  of  a  line  230  miles  in  length,  is  of  great 
historical  interest  to  the  engineer ;  it  was  the  first  geodetic  sur¬ 
vey  made  in  the  New  World,  and  has  stood  unchanged  since  its 
establishment. 

The  general  method  adopted  by  Mason  and  Dixon  was  as 
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follows:  A  point  on  the  desired  parallel  of  latitude  was  estab¬ 
lished  by  astronomical  observations,  and  a  line  was  run  due 
West  for  a  distance  of  about  12  miles.  At  this  point  another 
determination  of  latitude  was  made ;  a  correction  of  the 
preceding  12  miles  was  made  and  a  due  West  line  was  again 
run  for  about  12  miles,  followed  by  a  similar  latitude  determina¬ 
tion.  and  correction  of  line  previously  run. 

By  such  means,  the  line  was  run  for  230  miles,  large  monu¬ 
ments  which  had  been  imported  from  England  were  established 
every  five  miles;  and  the  intervening  miles  wrere  marked  with 
smaller  monuments.  The  country  was  so  wild  and  inaccessible 
that  it  was  found  impossible  to  monument  the  western  half  of 
the  line  in  the  manner  designed;  at  each  mile  station  in  the 
western  half,  a  mound  of  native  stone  was  piled  to  mark  the 
boundary.  The  survey  of  this  boundary  cost  the  adjoining  pro¬ 
prietors  £34  200,  Pennsylvania  currency. 

In  spite  of  the  establishment  of  this  line,  however,  Virginia 
continued  to  claim  all  of  that  section  of  the  present  Keystone 
State  bounded  on  the  north  by  the  Ohio,  Allegheny  and  Kiski- 
minetas  Rivers  and  on  the  east  by  the  Laurel  Ridge ;  in  other 
words  the  present  counties  of  Greene,  Washington,  Fayette, 
Westmoreland  and  parts  of  Beaver  and  Allegheny.  This  claim 
disputed  by  Pennsylvania  was  the  cause  of  many  conflicts  in 
authority,  extending  in  some  cases  to  ownership  of  the  land. 
Virginia,  being  more  aggressive  in  her  claims  defended  the  ter¬ 
ritory  from  the  French  and  Indians.  Governor  Dinwiddie  of 
Virginia  sending  George  Washington  to  Fort  Duquesne  with  a 
demand  for  its  surrender.  The  Braddock  expedition  of  1755 
was  aided  by  the  state  of  Virginia,  to  defend  what  she  thought 
was  Virginia  territory;  and  rights  of  settlement  in  the  territory 
surrounding  Fort  Pitt  were  offered  as  bounty  to  Virginia  Vol¬ 
unteers  in  the  Braddock  expedition.  Pennsylvania  took  no  part 
in  this  expedition,  simply  reiterating  her  claim  to  the  Fort  Pitt 
territory,  in  the  event  of  Virginia’s  success.  Some  of  the  Vir¬ 
ginian  soldiers  availed  themselves  of  the  opportunity  of  obtain¬ 
ing  land;  consequently  Virginia  settlements  were  made  in  West¬ 
ern  Pennsylvania  ten  years  before  the  patent  of  the  Manor  of 
Pittsburgh  above  described.  The  conflict  of  territorial  rights 
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continued  after  the  French  defeat  at  Fort  Duquesne,  between 
Governors  Dinwiddie  and  Dunmore  for  Virginia  and  Governor 
James  Hamilton,  Richard  and  John  Penn  for  Pennsylvania  and 
was  unsettled  at  the  time  of  the  Revolution,  when  both  states 
combined  against  their  common  foe.  One  of  the  first  acts  of  the 
Pennsylvania  and  Virginia  legislatures  after  the  close  of  the 
Revolution  was  to  appoint  commissioners  to  settle  the  disputed 
boundary  and  after  several  years  effort  the  southern  and  west¬ 
ern  boundaries  were  fixed  as  at  present.  The  proviso  was  made, 
however,  that  Virginia  entries  made  prior  to  the  date  of  this 
agreement  should  have  the  same  force  as  Pennsylvania  patents 
and  in  case  of  conflicts  between  land  rights  of  settlers  from  the 
two  states,  the  older  rights  should  prevail.  Pennsylvania  pat¬ 
ents  were  accordingly  issued  to  confirm  the  claims  of  Virginia 
settlers,  for  about  60  000  acres  of  land. 

The  Manor  of  Pittsburgh  was  patented  to  the  Penn  heirs 
in  1769.  This  was  the  first  Pennsjdvania  patent  in  Allegheny 
County,  adjoining  lands  being  patented  the  same  year.  It  com¬ 
prised  the  following  limits :  Between  the  two  rivers,  eastward 
to  28th  St.  including  the  1st,  2nd  &  3rd  Wards  of  the  present 
City  and  portions  of  the  4th  &  5th  Wards.  On  the  Southside 
it  extended  from  near  Saw  Mill  Run  to  S.  10th  St.  and  included 
the  18th  Ward  and  portions  of  the  17th  &  19th  Wards,  the  bor¬ 
ough  of  Knoxville,  portions  of  the  boroughs  of  Car  rick  and  West 
Liberty  and  Lower  St.  Clair  Township.  In  the  years  between  this 
date  and  the  Revolution,  many  patents  were  issued  in  Allegheny 
County  and  settlements  made. 

The  American  Revolution  brought  to  a  climax  the  strained 
relations  previously  existing  between  the  Penn  heirs,  who  were 
naturally  Tory  sympathizers,  and  the  provincial  Legislature, 
led  by  Benjamin  Franklin.  In  November  1779,  all  land  belong¬ 
ing  to  the  Penn  heirs  except  that  which  had  been  previously 
set  apart  in  Manors  as  above  outlined,  was  confiscated  by  the 
Legislature  and  title  was  vested  in  the  State  of  Pennsylvania, 
upon  payment  to  Penn  heirs  of  £130  000  Sterling.  Thus, 
the  State  of  Pennsylvania  became  the  successor  of  the  proprietor ; 
and  titles  originated  thereafter  with  the  State.  Some  of  the 
other  colonies  at  the  close  of  the  Revolution,  donated  to  the  Gen- 
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eral  Government,  large  tracts  of  vacant  land,  but  the  United 
States  was  not  the  owner  of  any  portion  of  the  present  area 
in  Pennsylvania,  except  the  Erie  Triangle,  which  will  be  spoken 
of  later. 

During  the  Revolution,  the  State  sought  to  encourage  en¬ 
listments  in  the  Pennsylvania  Line  by  offering  as  bounty,  tracts 
of  land  in  its  Western  domain.  The  State  likewise  pledged 
itself  to  the  sale  of  this  land  for  the  redemption  of  the  certifi¬ 
cates  of '  depreciation  issued  during  the  War.  Chief  Justice 
Agnew  in  his  admirable  history  thus  described  the  objects 
sought  to  be  attained  by  the  sale  of  these  Depreciation  and 
Donation  Lands:  “The  prime  intention  was  to  reward  the 
soldiers  of  the  Pennsylvania  Line  for  their  services;  to  raise 
money;  to  plant  population  in  advanced  portions  for  the  pro¬ 
tection  of  the  Western  Border;  and  to  facilitate  improvement”. 

In  the  carding  out  of  the  promises  made,  the  State  ap¬ 
pointed  Deputy  Surveyors  to  lay  out  all  the  territory  west  of 
the  Allegheny  River  and  jiorth  of  the  Ohio  River.  All  land 
lying  south  of  an  east  and  west  line  running  near  New  Castle 
was  laid  out  in  depreciation  tracts,  generally  rectangular,  each 
containing  from  200  to  350  acres.  The  districts  are  known  as 
McClean,  Leet,  Braden,  Cunningham  and  Elder,  taking  their 
names  from  the  names  of  the  Deputy  Surveyors.  The  act  laying 
out  these  Depreciation  tracts  specifically  reserved  to  the  State, 
two  tracts  each  containing  an  area  of  3000  acres,  one  opposite 
Pittsburgh  and  the  other  at  Fort  McTntosh.  These  reserva¬ 
tions  constitute  the  present  city  of  Allegheny,  and  the  present 
Boroughs  of  Beaver,  Rochester  and  Bridgewater.  Subsequent 
reservations  established  the  sites  of  Erie,  Franklin,  Waterford 
and  Warren. 

The  Donation  land  bounded  on  the  south  by  the  Deprecia¬ 
tion  Lands,  and  west  and  north  to  the  State  line  were  laid  out 
in  districts  taking  their  names  from  the  respective  deputy  sur¬ 
veyors  as  follows:  Alexander,  John  Henderson,  Evans,  Andrew 
Henderson,  Lodge,  Christie,  Power,  McDowell,  Dickinson  and 
Watts.  The  tracts  varied  in  area  from  200  acres  to  500  acres 
and  were  allotted  according  to  the  rank  of  the  soldier.  Actual 
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settlement  was  a  condition  imposed  upon  the  acquisition  of  these  - 
tracts. 

At  the  time  that  these  surveys  were  made,  the  boundaries 
of  the  western  portions  of  the  State  were  still  in  doubt,  and  the 
work  of  establishing  these  boundaries  was  carried  on  coinci- 
dently  with  the  Depreciation  and  Donation  Surveys.  Mason  & 
Dixon’s  line  was  extended  west  from  Dunkard’s  Creek  to  the 
S.  W.  corner  of  the  State  and  the  west  line  was  run  to  the  Ohio 
River  in  1782,  by  Archibald  McLean.  The  north  line  of  the 
State  was  run  by  Andrew  Ellicott  and  Simeon  De  Witt  in  1786. 
And  when  the  point  of  intersection  between  the  western  and 
northern  boundaries  of  the  State  was  determined,  Pennsylvania 
was  found  to  be  without  a  frontage  on  Lake  Erie.  The  State 
Legislature  immediately  sought  to  remedy  this  condition  and 
in  1788,  Commissioners  appointed  by  the  State  and  by  the  U.  S. 
Government  agreed  to  the  transfer  of  the  Erie  Triangle,  for  a 
little  over  $150  000,  thus  completing  the  boundaries  of  Penn¬ 
sylvania  within  its  present  limits. 

It  is  of  interest  for  our  present, purpose  to  examine  the 
method  of  laying  out  Pittsburgh  and  Allegheny.  It  is  typical 
of  all  of  our  older  cities  with  the  possible  exception  of  Phila¬ 
delphia.  The  earliest  plan  of  Pittsburgh  was  made  in  1764  by 
Colonel  John  Campbell;  five  years  before  the  patent  of  the 
Manor  of  Pittsburgh.  It  is  impossible  to  determine  the  author¬ 
ity  for  this  plan.  It  shows  streets  laid  off  as  at  present  within 
the  boundaries  of  Water,  Second,  Market,  and  Ferry  Streets. 
When  William  Wood  laid  out  Pittsburgh  for  the  Penn  Heirs, 
in  1784,  the  streets  on  the  Campbell  plan  were  accepted.  The 
Wood  plan  lays  out  all  of  the  property  lying  west  of  the  present 
Grant  Street  and  between  the  two  rivers  to  the  “Point.”  With 
the  exception  of  Grant  Street,  Oliver  Ave.,  Diamond  St.,  and 
Cecil  Way,  the  streets  in  this  plan  have  remained  unaltered  to  the 
present  time.  Lots  in  general  were  about  60  ft.  by  160  ft.  in 
depth,  and  the  sale  of  lots  began  immediately  after  the  making  of 
the  plan.  The  city  gradually  extended  eastward,  covering  its 
present  limits. 

Under  Act  of  Assembly  of  1787,  Daniel  Leet  laid  out  Alle¬ 
gheny  in  1791.  The  Legislature  directed  him  to  lay  out  a  town 
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with  out-lots  containing  each  an  area  of  10  acres  as  nearly  as 
possible.  By  this  plan,  town  lots  were  laid  out  within  the  pres¬ 
ent  limits  of  Sherman,  Montgomery,  Union  and  Stockton  Ave¬ 
nues.  Surrounding  them  on  all  sides,  the  area  now  laid  out  in 
parks,  was  set  aside  as  a  common  pasture  for  cattle ;  the  remain¬ 
ing  territory  being  laid  out  in  ten  acre  tracts,  extending  as  far 
north  as  the  Western  Penitentiary  and  including  on  the  eastr 
Spring  Garden  Borough  and  parts  of  Reserve  Township. 

The  streets  and  roads  of  this  plan  form  a  curious  study. 
The  directions  of  the  Legislature  were  carried  out  literally.  The- 
tracts  laid  out  were  rectangular  in  shape.  The  streets  were  pro¬ 
jected  in  straight  lines  regardless  of  topographical  considera¬ 
tions,  the  surveyor  seeming  to  have  boundless  faith  in  the  ability 
of  future  generations  of  engineers  to  overcome  topographical 
difficulties.  Federal  St.  and  Irwin  Ave.,  are  notable  instances 
of  the  impractical  character  of  some  of  the  streets  on  this  plan. 
The  remarks  here  made  are  equally  applicable  to  the  plan  of 
Beaver,  Rochester  and  Bridgewater  made  by  Leet  in  1791. 

It  is  not  the  purpose  of  this  paper  to  detail  the  methods 
of  transfer  of  Depreciation,  Donation  and  Reservation  lands.  It 
is  sufficient  to  say  that  land  sales  proved  disappointing  in  their 
financial  results  to  the  State.  Then,  as  now,  men  desired  to  live 
in  the  settled  districts;  town  lots  in  Pittsburgh,  Allegheny  and 
Beaver  were  disposed  of  with  some  success,  but  the  outlying 
districts  through  fear  of  the  Indian  outrages  and  the  natural 
hardships  of  the  pioneer,  brought  ridiculously  low  prices.  Jus¬ 
tice  Agnew  tells  of  instances  where  Revolutionary  soldiers  con¬ 
sidered  the  State’s  gift  of  Donation  lands  so  valueless  that  they 
simply  transferred  their  holdings  to  others,  without  compen¬ 
sation.  The  auction  conducted  in  Philadelphia  in  1785  by  the 
State  brought  an  average  price  of  about  $1.50  per  acre  for 
38  000  acres  in  Leet’s  district  (now  Leet  &  Sewickley  Town¬ 
ships),  In  Braden’s  district  (now  Sewickley  Heights)  32  000 
acres  were  sold  at  an  average  price  of  45  cents  per  acre,  some 
lands  being  sold  for  6  cents  per  acre.  Many  of  the  tracts  upon 
the  present  site  of  Rochester  were  sold  at  25  cents  per  acre. 
Discouraged  with  results,  the  Legislature  after  many  extensions 
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of  the  time  within  which  settlement  and  payment  should  be 
made,  for  some  years  ceased  all  attempts  to  sell  its  lands. 

Tn  1788  David  Reddick,  one  of  the  most  prominent  citizens 
of  Pittsburgh  writes  thus  to  the  Governor  of  Pennsylvania,  re¬ 
garding  the  Allegheny  Reservation  laid  out  by  Daniel  Leet : 
“I  cannot  believe  that  ten  acre  lots  on  such  hills  and  pits  will 
profitably  meet  with  purchasers,  unless,  like  a  pig  in  a  poke, 
it  is  kept  out  of  view”. 

It  is  not  surprising  that,  under  the  conditions  recited  above, 
the  early  surveys  of  Pennsylvania  should  be  inaccurate.  For 
accuracy  in  surveying  has  always  been  determined  by  the  finan¬ 
cial  interest  involved,  and  time  is  the  essential  element  of  ac¬ 
curacy.  The  following  endorsement  tells  its  own  story: 

✓ 

“These  may  certify  that  on  the  12th  and  13th  days  of  July 
1768,  I  did  re-survey  the  Manor  of  Springettsbury,  containing 
64  520  acres,  and  the  usual  allowance”  (Pennsylvania  Archives, 
Series  3,  Yol.  4).  How  thorough  has  been  the  degeneration  of 
the  race  of  Pennsylvania  surveyors,  who  frequently  spend  two 
days  in  the  survey  of  one  of  our  small  city  lots?  We  need  in¬ 
deed  to  study  ancient  methods  and  profit  thereby. 

Agnew  tells  us  that  in  the  Donation  tracts  there  is  abundant 
evidence  that  many  of  the  lines  were  never  run ;  that  discrepan¬ 
cies  of  as  high  as  50  acres  are  found  in  500  acre  tracts;  that 
in  cases  which  have  been  decided  by  the  Courts,  corners  marked 
as  prescribed  by  the  Act  of  Assembly  have  been  found  several 
miles  distant  from  the  corners  shown  on  the  map.  It  is  not 
necessary  to  multiply  instances  to  prove  that  land  was  so  cheap 
that  it  did  not  pay  for  the  cost  of  surveying  it,  with  even  reason¬ 
able  accuracy.  There  was  no  dream  that  the  public  domain 
would  be  completely  settled  within  one  hundred  years;  that 
property  would  rise  to  such  prices  as  would  cause  men  to  con¬ 
tend  for  the  possession  of  a  fraction  of  an  inch  of  frontage. 

The  instruments  used  in  these  early  surveys  were  almost 
without  exceptoin,  of  English  manufacture ;  and  we  find  a  rather 
high  development  in  the.  manufacture  of  English  instruments  of 
precision  in  the  16th  and  17th  centuries.  The  Diggs  theodolite 
of  1571,  consisted  practically  of  a  large  wooden  circle  mounted 
upon  a  staff  and  divided  as  closely  as  possible  into  even  de- 
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grees.  There  was  no  telescope  attached  and  the  division  of  the 
circle  was  necessarily  inaccurate.  Although  the  vernier  princi¬ 
ple  was  introduced  in  1631,  its  application  was  only  made 
practical  by  the  first  English  dividing  engine  invented  by  Rams- 
den  in  1776  and  the  achromatic  telescope  was  perfected  by  Hol¬ 
land  in  1758.  These  two  inventions  may  be  considered  for  our 
purpose,  as  the  beginning  of  modern  instruments  of  precision. 
Dunbar  Scott,  M.  A.  Soc.  C  E.,  very  aptly  says:  “The  theodolite 
was  not  perfected  until  Ramsden  sensitized  its  graduated  brain 
and  John  Holland  sent  pure  light  coursing  through  its  tele¬ 
scopic  soul  ’  \ 

Dolland  immediately  became  famous  as  a  maker  of  high 
class  instruments  and  we  find  sextants  of  his  manufacture  used 
in  Pennsylvania  by  Mason  and  Hixon  (1764  to  1767),  Andrew 
Ellicott  (1786)  and  Archibald  McClean  (1782),  in  the  establish¬ 
ment  of  State  boundaries.  As  an  instance  of  the  accuracy  of 
these  instruments  we  are  told  in  the  report  of  the  re-survey  of 
Mason  &  Dixon’s  line  that  the  latitude  of  the  southern  part  of 
Philadelphia,  was  found  to  be  within  2  seconds  of  the  later  de¬ 
termination.  Instruments  of  this  class  were,  however,  scarce. 
In  1794,  Surveyor  General  He  Witt  of  New  York,  reported 
“That  there  were  only  two  transits  in  the  country,  one  owned 
by  Andrew  Ellicott,  the  other  by  Hr.  David  Rittenhouse  ’  \  We 
are  not  to  believe,  however,  that  the  ordinary  surveys  were  made  ' 
with  precise  instruments.  Andrew  Ellicott  reporting  on  the  sur¬ 
vey  of  the  District  of  Columbia,  made  by  him  in  1795  says:  “The 
lines  were  run  with  a  transit  and  equal  altitude  instrument, 
which  I  constructed  and  executed  in  1789”.  The  writer  has 
been  unable  to  find  any  record  of  such  instruments  used  in  lay¬ 
ing  out  early  Pennsylvania  cities.  In  a  paper  prepared  in  1901 
for  the  Engineers  Club  of  Philadelphia,  by  Benj.  Franklin, 
M.  Am.  Soc.  C.  E.,  an  illustration  purporting  to  show  survey 
methods  used  in  Philadelphia  in  1806,  indicates  that  the  lines 
were  not  run  by  telescope.  The  very  fair  degree  of  accuracy 
attained,  however,  in  some  of  the  angles  of  early  city  work  was 
probably  obtained  by  measuring  the  length  of  diagonal  lines 
in  city  blocks. 

The  magnetic  compass  was  without  doubt  used  in  nearly  all 
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early  American  land  sub-divisions.  The  earliest  American  com¬ 
pass  of  which  we  have  found  record,  was  used  in  Plymouth, 
Mass.,  about  1633 ;  and  is  described  in  Engineering  News  of 
Jan.  4th,  1894.  In  Pennsylvania,  David  Rittenhouse  of  Phila¬ 
delphia,  the  first  American  instrument  maker,  made  the  early 
surveyors  compass,  beginning  as  early  as  1760.  In  the  period 
of  1830  to  1840,  we  find  many  of  the  old  compasses  fitted  with 
telescopes.  Although  William  J.  Young  of  Philadelphia  began 
the  general  manufacture  of  American  transits  in  1831,  and  Ed¬ 
mund  Draper  manufactured  transits  shortly  after  that  date,  it 
was  probable  that  the  transit  was  not  generally  used  even  in 
good  surveying  practice  in  Pennsylvania,  for  some  years  after 
that  date. 

The  Gunter  chain  of  66  feet  divided  into  100  links,  has  been 
generally  used  in  our  surveys.  Mason  and  Dixon’s  journal  tells 
us  that  they  used  such  a  chain,  which  they  checked  by  com¬ 
parison  with  a  brass  rod,  one  yard  in  length.  One  chain  thus 
checked  was  used  as  a  standard  to  check  the  chains  actually 
used  for  the  measurements.  Elliott  reports  the  same  method 
used  in  laying  out  the  District  of  Columbia.  In  measuring  steep 
ground,  Mason  and  Dixon  used  wooden  rods.  Such  rods  were 
used  in  at  least  some  of  the  early  surveys  of  Pittsburgh  and 
Philadelphia,  the  Pittsburgh  rod  being  still  in  existence.  Ches- 
terman  invented  his  tape  in  1842,  but  there  is  no  record  of  its 
use  in  this  country  before  1860. 

Not  only  are  the  distances  and  angles  of  the  old  surveys 
generally  unreliable,  but  the  ancient  land  marks  recited  have 
largely  disappeared.  Naturally,  the  old  surveyor  used  as  his 
land  marks  the  most  conspicuous  objects;  usually,  the  largest 
trees  then  existing ;  the  trees  which  have  since  been  most  affected 
by  the  destructive  agencies  of  Nature.  Almost  without  excep¬ 
tion,  the  landmarks  of  the  original  surveys  may  be  said  to  have 
completely  disappeared.  In  our  cities,  the  conditions  are  even 
worse,  as  original  land  marks  were  not  set  to  establish  the  cor¬ 
ners  of  streets  in  any  old  city  plan  which  has  come  under  the 
writer’s  notice.  The  monumenting  of  the  State  lines  under  the 
Mason  &  Dixon  and  Me  Clean  surveys,  furnishes  a  notable  ex¬ 
ception  to  the  general  rule.  In  the  city  of  Pittsburgh,  we  find 
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no  useful  records  of  landmarks  of  earlier  date  than  the  Mc¬ 
Gowan  regulation  of  about  1840;  these  consist  generally  of 
location  of  walls  of  old  buildings  with  reference  to  street  or 
party  lines.  On  the  North  Side,  there  are  probably  no  monu¬ 
ments  or  old  data  available  of  earlier  date  than  about  1860.  It 
is  probably  impossible  to  establish  with  absolute  certainty  any 
of  the  old  street  lines  of  either  city  in  the  location  of  the  original 
plan. 

After  making  all  due  allowance  for  inaccuracies  and  care¬ 
lessness  in  these  old  surveys,  the  writer  has  become  convinced 
that  certain  deliberate  variations  from  present  United  States 
Standards  of  measurement  were  more  or  less  generally  adopted. 
These  variations  may  be  all  classified  as  surplus  or  excess,  in 
other  words,  more  land  was  surveyed  and  conveyed  than  was 
paid  for.  We  may  further  classify  as  follows: 

First,  an  allowance  of  6  percent  was  made  lor  roads.  This 
custom  was  established  by  Act  of  the  Provincial  Assembly  in 
17U0,  and  although  the  Act  was  repealed  shortly  after  tins,  ihe 
custom  continued  practically  in  all  of  the  Proprietary  and  State 
grants,  except  in  the  Reserve  Tracts.  The  general  method  of 
making  this  allowance  was  to  figure  the  mathematically  correct 
area  of  the  tract  from  the  measurements  made  and  then  deduct 
6  percent  from  the  area  thus  calculated. 

The  second  custom  which  was  more  or  less  generally  adopted 
was  the  use  of  a  different  length  of  perch  or  pole  than  the 
standard  legal  length  of  1 6y2  feet.  This  was  an  adoption  of  the 
English  custom  prevalent  in  the  17th  and  18th  centuries,  a  cus¬ 
tom  which  had  no  legal  sanction  either  in  England  or  America, 
but  which  was  doubtless  used  in  both  countries.  The  English 
works  of  Edmund  Gunter  (1683)  ;  John  Wolridge  (1681)  ; 
Thomas  Dilworth  (1764).  The  Complete  Farmer  (author  un¬ 
known)  (1769)  and  John  Love  (about  1714),  recognize  the  ex¬ 
istence  in  England  of  perches  used  for  land  measurement  vary¬ 
ing  in  length  from  I6V2  feet  to  24  feet.  See  “Engineering 
News”,  Yol.  62,  p.  23;  and  “ Engineering  Record”,  Vol.  61,  p. 
259;  “Engineering  News”,  Yol.  46,  p.  204. 

From  the  latter  article  by  Benjamin  Franklin,  M.  Am.  Soc. 
C.  E.  we  quote: 
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“Moreover,  there  is  no  question  but  that  the  measures  used  by  the 
Colonies  before  the  Revolution  were  almost  entirely  those  of  England, 
and  continued  to  be  so  without  being  specially  legalized  for  some 
years  after  that  period”. 

The  writer  has  in  his  possession  a  copy  of  Gibson’s  Survey¬ 
ing  (1798)  ;  the  first  book  of  its  kind  published  in  America. 
The  following  is  abstracted  therefrom : 

“The  English  Statute-Perch  is  5%  yards,  the  two-pole  chain  is  11 
yards,  and  the  four-pole  one  is  22  yards;  hence  the  length  of  a  link 
in  a  statute-chain  is  7.92  in. 

There  are  other  perches  used  in  different  parts  of  England,  as  the 
perch  of  woodland  measure,  which  is  6  yards;  that  of  church-land 
measure,  which  is  7  yards  (or  the  same  with  the  plantation  perch)  and 
the  forest  measure  perch  is  8  yards. 

The  Irish  or  plantation  perch  is  7  yards,  as  before;  the  two-pole 
chain  is  14;  and  the  four-pole  one  is  28  yards;  hence  the  length  of  a 
link  in  plantation  chain  is  10.08  in.,  etc. 

The  Scotch  perch  is  18%  ft-  or  6  1/12  yards  or  6  Scot’s  ells.  In 
the  shire  of  Cunningham  in  Scotland,  their  perch  is  18%  ft.,  etc.,  and 
this  perch  is  used  in  some  few  places  in  the  north  part  of  this  king¬ 
dom,  as  the  Statute  perch  is  in  some  other  parts”. 

The  writer  has  found  in  his  own  experience,  some  confirma¬ 
tion  of  the  use  of  the  Woodland  perch  of  18  feet  in  some  of 
these  old  surveys.  For  instance,  in  the  Fort  McIntosh  or  Beaver 
reservation,  he  believes  that  in  the  eastern  or  Rochester  section 
which  is  known  to  have  been  Woodland,  such  a  measure  ap¬ 
proximately  fits  the  ground,  while  in  the  western  or  Beaver  and 
Bridgewater  section,  where  the  original  town  of  Beaver  was 
laid  out,  the  measurements  correspond  more  nearly  to  the  lb1/? 
ft.  length  of  the  perch.  Other  instances  have  occurred  to  him  in 
the  Leet  district  Depreciation  Lands. 

The  writer  desires  not  to  be  misunderstood  as  claiming 
that  there  ever  was  a  general  adoption  of  the- “  woodland  *  ’  perch 
or  of  any  other  perch  than  the  standard  perch,  in  Pennsylvania 
surveys ;  but  he  does  believe  that  there  is  sufficient  evidence  to 
warrant  the  statement  that  the  ‘‘woodland”  perch  was  used  in 
this  state  for  certain  survevs,  and  the  excuse  for  its  use  was 
probably  found  in  the  less  value  of  an  acre  of  woodland  than  an 
acre  of  clear  ground  and  the  attempt  to  place  both  at  equal 
value. 
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The  third  form  of  surplus  or  excess  adopted  by  the  early 
surveyors  was  the  use  of  the  City  Standard  measure  instead  of 
Ihe  U.  S.  Standard  in  the  laying  out  of  all  of  the  old  cities  of 
the  country.  In  Boston,  Brooklyn,  New  York,  Philadelphia, 
Pittsburgh  and  probably  many  more  American  cities  today  it 
is  customary  to  allow  an  excess  of  from  0.1  feet  to  0.3  ft  per  100 
ft.  in  all  measurements.  The  allowance  of  this  surplus  is  neces¬ 
sary  in  order  to  make  the  present  surveys  fit  with  the  originals. 
It  varies  in  different  cities,  being  0.1  ft.  in  New  York,  varying 
in  Philadelphia  between  0.2  and  0.3  ft. ;  and  being  in  Pittsburgh 
generally  about  0.115  ft.  per  100  ft.  It  gives  rise  to  some  cu¬ 
rious  situations;  for  instance,  in  Philadelphia,  properties  front¬ 
ing  on  the  west  side  of  a  certain  street  are  surveyed  with  an 
allowance  of  0.20  ft.  per  100  ft.,  Avhile  on  the  east  side  an  allow¬ 
ance  of  0.25  ft.  per  100  ft.  is  made.  In  Pittsburgh,  an  allow¬ 
ance  of  0.115  ft.  is  made  in  the  central  section,  the  East  End 
and  certain  portions  of  the  South  Side,  while  the  North  Side 
and  portions  of  the  South  Side  are  surveyed  without  allowance. 

How  did  such  allowance  originate?  Was  it  a  deliberate 
allowance  made  by  the  early  surveyors  to  cover  up  the  inaccu¬ 
racies  of  their  work,  or  was  it  due  to  a  different  standard  of 
measure  prevalent  at  that  time?  The  general  opinion  of  those 
with  whom  the  writer  has  talked  favors  the  first  assumption. 
The  lack  of  uniformity  in  the  allowance  made  in  the  different 
cities  tends  to  show  it  to  have  been  a  deliberate  departure  from 
the  standard  measure.  In  further  confirmation,  it  mav  be  stated 
that  in  Washington,  D.  C.,  which  was  laid  out  with  utmost  care, 
the  present  U.  S.  Standard  was  used.  It  occurred  to  the  writer 
that  it  might  be  possible  to  shed  some  light  on  this  question  by 
making  a  comparison  of  the  original  measurements  taken  by 
Mason  and  Dixon,  with  a  re-survey  of  the  same  lines.  Up  to 
this  time,  he  has  been  unable  to  find  meager  data  for  such  com¬ 
parison.  In  the  report  of  Maryland  Geological  Survey  Vol.  7, 
page  41,  the  statement  is  made  that  15  miles  as  measured  by 
Mason  and  Dixon  was  found  to  measure  15  mi.  404  ft.,  showing 
a  surplus  of  0.5  ft.  per  100  ft.  The  same  volume  page  203, 
states  that  the  radius  of  the  12  mi.  circle,  having  its  center  at 
New  Castle,  was  found  to  be  in  excess,  (amount  not  stated). 
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What  is  the  legal  status  of  City  Standards?  An  investiga¬ 
tion  leads  us  to  believe  that  the  practice  of  City  allowance  has 
no  legal  sanction.  The  writer  can  find  no  Legislative  authority 
for  its  use  in  Pennsylvania,  nor  has  he  found  any  ordinances 
in  Philadelphia  or  Pittsburgh  which  authorize  its  use.  We  con¬ 
sider  this  condition  unfortunate ;  we  believe,  as  we  shall  em¬ 
phasize  later,  that  the  surveyor  should  be  governed  entirely  by 
the  laws  of  the  Commonwealth;  and  if  City  standards  should 
continue  to  be  used,  they  should  be  used  only  with  distinct  Leg¬ 
islative  sanction,  and  within  the  limits  prescribed  by  the  writ¬ 
ten  law. 

But  should  City  Standards  be  abolished?  Why  should  not 
all  measurements  from  this  time  forward  be  in  legal  U.  S.  Stand¬ 
ard  measure?  The  structural  engineer  who  has  found  difficulty 
in  making  his  steel  frame  fit  due  to  city  standards  is  apt  to 
answer  in  the  affirmative.  The  same  answer  might  be  expected 
of  the  railroad  engineer,  as  he  faces  the  mass  of  contradictions 
and  inaccuracies  which  arise  when  he  projects  his  line  through 
any  of  our  older  cities.  To  one  whose  experience  has  been  more 
closely  confined  to  municipal  lines,  such  a  change  involves  such 
radical  departures  from  existing  records  and  such  a  large  amount 
of  work,  that  he  hesitates  before  endorsing  such  conversion. 
It  seems  to  the  writer,  that  in  the  City  of  Pittsburgh,  either  a 
straight  U.  S.  Standard  should  be  adopted  or  else  the  limits  of 
the  district  within  which  the  City  Standard  is  the  legal  stand¬ 
ard  should  be  clearly  defined  by  ordinance;  and  each  plan  of 
survey  and  each  deed  of  conveyance,  should  clearly  state  whether 
it  is  City  Standard  or  U.  S.  Standard. 

In  Pennsylvania,  open,  notorious,  continuous,  adverse,  un¬ 
disputed  possession  for  a  period  of  twenty-one  years,  consti¬ 
tutes  a  clear  title  regardless  of  courses  and  distances,  surplus 
or  shortage,  presence  of  monuments  or  physical  boundaries,  or 
any  other  condition.  ‘“Open  and  notorious  possession’7  not  se¬ 
cret  or  hidden;  continuous  possession  for  21  years,  not  spas¬ 
modic  or  broken  as  to  time;  adverse  possession  as  against  all 
comers ;  not  possession  in  common  with  a  neighbor,  but  an  un¬ 
disputed,  unconditional  possession  for  the  statutory  term  of  21 
years.  A  few  illustrations  of  the  working  of  this  law.  If  a 
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fence  has  stood  in  a  certain  location  for  21  years  or  over  during 
which  time  it  has  been  recognized  without  dispute  as  the  di¬ 
viding  line  between  two  farms,  it  thereafter  constitutes  the  line 
whether  it  agrees  with  the  description  in  adjoining  deeds  or 
not.  The  same  statement  is  true  with  reference  to  a  line  wall 
dividing  two  city  lots.  If  A  occupies  for  the  statutory  period 
a  field  which  B  has  bought  and  paid  for,  without  objection  from 
Bf  it  becomes  his  property  as  thoroughly  as  if  transferred  to 
him  bv  written  instrument.  The  writer  is  informed  that  in  cer- 
tain  portions  of  England,  there  are  rectangular  fields  crossed 
diagonally  by  foot  paths,  which,  through  neglect  of  the  original 
owners  were  traveled  without  let  or  hinderance  for  the  statutory 
period.  In  consequence,  they  have  become  public  foot  paths 
to  the  same  extent  as  if  opened  by  court  proceedings.  Indeed, 
the  majority  of  public  roads  in  Allegheny  County  owe  their  legal 
existence  to  no  greater  law  than  this ;  the  public  have  been 
allowed  to  travel  over  them  for  a  period  of  21  years  without 
objection ;  the  original  owner  and  his  successors  are  consequently 
estopped  from  claiming  the  road  as  their  property  and  it  has 
become  a  public  highway  forever. 

Upon  first  thought  this  law  may  seem  inequitable  and  un¬ 
just  but  a  further  study  will  convince  us  of  its  beneficial  char¬ 
acter.  We  have  pointed  out  in  the  earlier  portions  of  this  paper, 
the  difficulty  in  the  determination  of  old  property  lines;  now 
add  to  this,  the  fact  that  in  the  transfer  of  property  from  the 
original  patent  to  the  present  date,  there  may  be  many  deeds, 
mortgages,  etc.  affecting  legal  title.  All  of  these  papers  are 
drawn  by  weak  human  hands  assisted  by  perhaps  weaker  in¬ 
tellects.  So  that  if  we  relied  solely  upon  the  records,  it  would 
be  comparatively  easy  to  pick  flaws  in  the  title  of  a  large  per¬ 
centage  of  even  our  most  valuable  properties,  our  courts  would 
be  full  of  trivial  cases  of  property  contests,  and  the  labor  of 
conveying  and  title  research  would  be  greatly  increased.  The 
entire  effect  of  the  law  tends  to  security  in  title  and  to  place 
title  to  land  in  the  hands  of  those  who  make  a  legitimate  use 
of  it. 

There  are  certain  exceptions,  however,  to  the  law  as  stated. 
These  exceptions  are  based  on  the  English  Law  that  “Posses- 
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sion  cannot  obtain  against  the  Crown”.  The  Crown  as  the 
source  of  title,  most  actually  grant  or  convey  title.  As  applied 
to  Pennsylvania  titles,  the  rule  is  that  title  cannot  obtain  di¬ 
rectly  or  indirectly  against  the  State  by  adverse  possession,  no 
matter  how  long  continued.  This  has  given  rise  to  exceptions 
as  follows : 

First :  Title  by  adverse  possession  cannot  obtain  against 
the  Commonwealth.  The  early  history  of  land  titles  in  West¬ 
ern  Pennsylvania  shows  many  cases  of  contest  between  the  settler 
and  the  warrant  holder,  holding  the  State’s  patent.  While 
there  have  been  very  few  cases  of  ejection  of  actual  settlers,  the 
principle  has  been  upheld  that  the  actual  settler  must  have  his 
title  perfected  by  State  patent. 

Second :  Nor  can  title  obtain  by  adverse  possession  against 
the  public.  We  have  seen  above  that  the  public  can  by  traveling 
across  a  farmer’s  property  for  21  years  without  objection,  ob¬ 
tain  the  right  to  travel  forever ;  but  the  reverse  condition  is  not 
true.  No  period  of  adverse  use  can  give  title  to  any  ground 
which  has  been  once  set  aside  for  road  purposes,  unless  that 
road  is  regularly  vacated  by  Court  Proceedings.  Several  inter¬ 
esting  illustrations  of  this  fact  have  come  within  the  writer’s 
practice.  Under  Daniel  Leets  plan  of  the  Beaver  reservation 
made  in  1790,  a  street  was  laid  out  along  the  east  side  of  the 
Beaver  River.  Although  the  street  had  not  been  traveled  for  at 
least  fifty  years,  and  the  Pittsburgh,  Fort  Wayne  &  Chicago 
Railroad  had  purchased  from  private  owners  by  recorded  deeds, 
the  title  to  what  was  claimed  to  have  been  the  location  of  the 
street,  and  had  occupied  that  location  for  many  years,  the 
Railroad  Company  was  compelled  to  contest  a  suit  for  ejectment 
from  the  old  street.  Similarly,  when  the  Pittsburgh  &  Lake 
Erie  Railroad  Company  recently  built  their  new  bridge  across 
the  Ohio  River,  they  were  compelled  to  contest  the  location  of 
an  old  road  laid  out  on  the  same  Daniel  Leet  plan  over  property 
now  owned  by  the  Railroad  Company,  although  there  was  abund¬ 
ant  evidence  that  the  road  could  not  have  been  traveled  upon 
in  its  paper  location  for  over  sixty  years.  In  the  latter  case 
there  was  no  contention  even  that  the  road  was  necessary  for 
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public  purposes  as  its  function  was  amply  served  by  another 
road  not  over  30  ft.  distant. 

The  question  of  title  by  adverse  possession  against  the  right 
of  way  of  a  railroad  company  in  Pennsylvania  is  quite  compli¬ 
cated.  Right  of  way  obtained  by  condemnation  proceedings 
under  the  right  of  eminent  domain  must  be  used  for  the  pur¬ 
pose  of  the  condemnation.  And  when,  due  to  change  of  align¬ 
ment  or  any  other  cause,  such  right  of  way  ceases  to  be  so  used, 
it  reverts  to  the  original  owner  immediately.  But  with  fee 
simple  titles  the  cases  differ.  Prior  to  about  five  years  ago,  the 
Pennsylvania  Supreme  Court  decisions  were  unanimous  in  ex¬ 
empting  property  purchased  in  fee  simple  by  a  railroad  company 
from  the  operation  of  the  law  of  title  by  21  years  adverse  pos¬ 
session.  Decisions  of  the  last  five  years  have  somewhat  modified 
previous  decisions  and  have  taken  property  from  some  of  our 
railroads  which  was  thought  to  be  safe  under  preceding  de¬ 
cisions. 

Even  with  the  exceptions  outlined  above,  the  surveyor's 
powers  to  apply  the  law  are  limited.  He  is  in  no  sense  consti¬ 
tuted  as  a  court  and  jury  to  take  testimony  to  reconcile  the  con¬ 
flicting  memories  of  old  inhabitants  as  to  the  conditions  exist¬ 
ing  a  generation  ago,  nor  is  he  to  pronounce  an  expert  judg¬ 
ment  upon  the  age  of  fences  or  buildings.  lie  must  determine 
the  property  lines  in  accordance  with  the  deeds  and  other  in¬ 
struments  of  records,  showing  upon  his  plans  the  location  of  the 
fences,  or  other  physical  objects,  which  could  in  his  opinion  have 
a  bearing  on  the  establishment  of  adverse  lines.  There  is  no 
power  save  judicial  proceeding,  that  can  establish  property  lines 
in  any  different  location  than  as  shown  by  the  title  papers.  The 
writer  is  not  sure  whether  judicial  powers  were  vested  in  the 
old  city  Regulators  of  Pittsburgh  and  Allegheny,  or  in  the  Board 
of  Surveyors  and  Regulators  of  the  City  of  Philadelphia.  But, 
today,  neither  the  City  District  Surveyors  who  survey  prac¬ 
tically  all  of  the  property  in  Philadelphia  County,  or  the  City 
Engineer  of  Pittsburgh,  or  any  other  surveyor,  has  any  legal 
right  to  establish  lines  other  than  from  the  title  papers.  Em¬ 
phasis  is  placed  upon  this  common  error  of  the  surveyor;  lie 
goes  upon  the  ground  after  perhaps  a  very  superficial  examina- 
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tion  of  the  title  papers,  locates  fences  and  trees  of  uncertain  age, 
compares  recollections  of  adjoining  owners  and  oldest  inhabi¬ 
tants  and  establishes  conveyances  which  conflict  as  little  as  pos¬ 
sible  with  physical  conditions,  but  which  may  be  an  absolute 
violation  of  the  title  papers.  He  has  made  a  survey  that  satis¬ 
fies  adjoining  owners  and  has  saved  himself  the  trouble  of  mak¬ 
ing  that  laborious  search  of  deeds  which  alone  can  legally  fix 
lines. 

But  why  should  these  exceptions  to  the  law  of  adverse  pos¬ 
session  exist  in  Pennsylvania  ?  It  is  true  that  each  one  is  found¬ 
ed  upon  a  wise  principle  as  applied  to  the  conditions  of  settle¬ 
ment  existing  fifty  years  ago.  When  the  State  had  thousands 
of  acres  of  vacant  inaccessible  land,  the  burden  of  protection 
against  the  squatter  and  the  usurper  was  excessive.  When  city 
and  county  government  was  disorganized  and  feeble,  and  set¬ 
tlements  were  scattered,  it  would  have  been  almost  impossible 
to  defend  all  city  highways  and  county  roads  from  adverse  oc¬ 
cupation  and  possession ;  and  when  the  railroads  of  the  State 
were  the  pioneers  of  civilization,  stretching  their  narrow  bands 
of  right  of  way  through  miles  of  wilderness,  their  exemption 
from  the  operation  of  title  by  adverse  possession  was  absolutely 
necessary. 

But  conditions  have  changed.  The  wilderness  has  been 
replaced  by  the  abodes  of  civilization;  straggling  villages  have 
become  populous  boroughs,  and  cities  and  the  various  portions 
of  the  state  have  been  connected  until  today  all  portions  of  the 
state  are  easily  accessible  and  defendable.  Under  present  con¬ 
ditions  in  Pennsylvania,  why  should  not  the  Commonwealth  be 
under  the  same  burden  as  its  neighbor  to  establish  and  main¬ 
tain  its  physical  boundaries,  to  defend  its  property  from  en¬ 
croachment  or  occupation,  and  if  it  negelcts  that  duty,  why 
should  it  not  suffer  the  same  penalty  for  its  neglect  as  is  suffer¬ 
ed  by  its  neighboring  land  owner? 

The  progressive  railroads  of  our  state,  fully  alive  to  their 
duty  have  carefully  mounmented  their  right  of  way,  and  have 
perfected  a  proper  organization  to  defend  their  property  from 
illegal  encroachment.  They  are  thus  pursuing  a  safe  course, 
tending  to  produce  security  in  the  title,  not  only  of  their  own 
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holdings  but  of  their  neighbors.  But  the  matter  of  establishing 
their  right-of-way  by  proper  land  marks,  and  of  defending  it 
from  encroachment  should  in  the  writer’s  opinion,  not  be  option¬ 
al  but  compulsory.  Exemption  from  the  law  of  title  by  adverse 
possession  tends  only  to  carelessness  and  neglect. 

And  particularly  is  this  exemption  from  the  law  harmful 
in  the  case  of  boroughs  and  cities.  The  location  of  nearly  all 
properties  in  boroughs  and  cities  is  dependent  upon  the  accurate 
determination  of  the  street  lines.  Necessarily  then,  perfect  se¬ 
curity  demands  that  the  street  lines  shall  be  fixed  and  unvary- 
* 

ing,  that  the  land  marks  determining  the  lines  shall  be  constantly 
established  and  maintained,  and  that  a  public  record  of  such 
land  marks  in  easily  accessible  form  shall  be  kept.  What  are 
the  actual  conditions  in  some  of  our  boroughs  and  cities  ?  Some 
few  years  ago,  the  writer  made  some  surveys  in  one  of  our  bor¬ 
oughs  having  a  population  of  about  5000  people  and  established 
about  50  years  ago.  Diligent  search  failed  to  reveal  a  single 
official  plan,  a  single  monument  establishing  a  street  line,  a  single 
ordinance  of  Council  that  actually  established  a  street  line,  not 
-even  a  borough  engineer  or  a  street  commissioner  who  could  give 
any  verbal  knowledge.  There  was  absolutely  no  other  way  of 
establishing  property  lines  except  by  locating  all  physical  ob¬ 
jects  and  placing  the  lines  in  such  location  as  would  presumably 
best  fit  the  physical  conditions.  And  if,  in  such  determination, 
the  writer  should  by  accident  have  overstepped  the  line  of  any 
street  as  originally  laid  out,  or  had  failed  to  take  cognizance  of 
some  street  which  had  been  practically  abandoned,  we  believe 
that  the  borough  could  have  depended  upon  its  exemption  from 
the  law  of  title  by  adverse  possession  and  claimed  its  original 
street  lines.  Surely,  such  lax  borough  administration  should 
not  be  encouraged  by  the  law  of  the  State.  Our  progressive 
boroughs  and  cities  are  seeking  each  year,  by  establishing  and 
maintaining  monuments,  to  clearly  define  the  rights  of  the  pub¬ 
lic  and  of  the  private  owner;  and  if  a  municipality  neglects  to 
properly  defend  its  streets,  why  should  it  not  suffer  the  same 
Joss  as  the  private  owner? 

Perhaps  the  doctrine  here  laid  down  would  be  rather  drastic 
df  applied  to  all  of  our  county  and  township  roads.  In  Alle- 
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gheny  county,  there  are  about  2000  miles  of  country  roads, 
some  of  which  have  been  laid  out  by  court  proceedings,  but  most 
of  them,  have  just  developed  by  usage.  Even  of  those  roads 
that  have  been  laid  out  by  the  court,  very  few  can  be  laid  down 
upon  the  ground  with  mathematical  accuracy ;  definite  beginning 
points  are  seldom  recited;  landmarks  are  seldom  placed  and  the 
courses  and  distances  are  frequently  inaccurate.  Sometimes,  the 
improvement  of  the  road  under  the  Flinn  Road  Law  introduces 
another  line  from  the  line  of  the  original  layout.  For  example, 
in  the  improvement  of  a  certain  county  road,  a  revision  of  road 
line  was  made  in  order  to  improve  the  grade.  The  original  line 
was  straight  between  two  points  situated  1000  ft  apart.  In  the 
improvement  of  the  road  under  the  Flinn  Road  Act,  the  road 
detoured  150  ft.  to  the  left,  then  crossed  the  original  road  line, 
detoured  150  ft.  to  the  right,  and  then  joined  the  original  road 
1000  ft.  from  its  beginning.  The  original  road  line  was  not 
vacated.  We  thus  have  between  these  two  points,  two  separate 
legal  roads,  and  although  the  old  road  has  been  filled  up  and 
has  ceased  to  exist  physically,  it  still  acts  as  a  flaw  upon  the  title. 

It  will  thus  be  seen  that  the  data  for  the  accurate  determi¬ 
nation  of  the  line  of  many  of  our  country  and  township  roads 
is  very  meager,  working  at  times  to  do  injustice  to  the  abutting 
property.  Accurate  determination  of  the  line  between  the  pub¬ 
lic  road  and  the  private  owner  seems  to  the  writer  to  be  the 
foundation  of  security  in  property;  and  the  duty  of  such  de¬ 
termination  should  be  at  least  equally  divided  between  the  pub¬ 
lic  authorities  and  the  private  owner.  Exemption  from  the  op¬ 
eration  of  the  law  of  title  by  adverse  possession,  has  at  least  a 
tendency  to  discourage  the  public  authorities  from  performing 
their  part  of  the  common  duty. 

And  we  cannot  better  close  this  paper,  than  by  making  a 
plea  for  the  better  physical  establishment  of  property  bound¬ 
aries  by  imperishable  monuments.  In  no  field  of  engineering 
do  we  deal  so  frequently  with  the  permanent  and  unchanging. 
Property  lines  are  established  for  succeeding  generations;  the 
lines  of  our  streets  are  more  lasting  than  the  laws  of  the  Medes 
and  Persians,  and  the  natural  increase  in  property  values  ere- 
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ates  a  constant  demand  for  more  accurate  determination  of 
land  lines. 

How  necessary,  therefore,  that  their  locations  be  accurately 
and  permanently  fixed.  The  province  of  the  engineer  is  not  to 
make  the  survey  of  property  a  maze  of  contradictions,  an  im¬ 
penetrable  mystery,  a  species  of  ‘'Black  Art”,  but  to  place  his 
work  in  definite,  permanent,  simple  form  for  the  benefit  not 
only  of  the  present  land  holder  but  for  the  permanant  benefit 
of  the  community. 

DISCUSSION  • 

Mr.  W.  E.  Fohl  :*  In  addition  to  Mr.  Blum’s  very  com¬ 
prehensive  discussion  of  the  early  Pennsylvania  surveys,  it 
might  be  of  interest  to  call  attention  to  the  fact  that  the  second¬ 
ary  surveys  made  during  the  transfers  of  land  from  individual 
to  individual,  following  those  from  the  state  to  the  individual, 
more  frequently  disclose  deficit  than  surplusage  when  surveyed 
by  the  painstaking  methods  of  the  modern  surveyor.  Many  of 
these  secondary  surveys  were  made  with  considerable  care  and  in 
such  cases  the  present  day  surveys  will  almost  invariably  show 
a  lesser  acreage,  due  to  the  fact  mentioned  by  Mr.  Blum  that 
the  increased  value  of  the  land  now  justifies  the  expenditure  of 
all  the  time  necessary  to  properly  measure  its  boundary  lines. 
The  undulating  topography  of  Pennsylvania,  even  with  a  66  ft. 
chain,  necessitated  the  use  of  many  broken  chain  lengths  and 
it  requires  very  little  experience  in  the  field  to  learn  that  the 
length  of  a  line  measured  by  a  series  of  short  chain  lengths  is 
never  what  it  seems — and  always  less,  if  measured  by  untrained 
assistants.  No  surveys  of  moment  are  now  attempted  without 
skilled  chainmen  and  the  change  from  the  Gunter’s  chain  with 
its  numerous  links  to  the  ribbon  steel  tape  in  lengths  up  to  1000 
ft.,  making  it  possible  to  span  ravines  and  measure  hillsides  at 
one  stretch,  has  also  helped  materially  in  the  determination  of 
the  shortest  distances  between  given  points  which  is  the  chief 
mathematical  and  commercial  requisite  of  the  surveyor’s  work. 

I  have  had  the  pleasure  of  discussing  portions  of  Mr.  Blum’s 
paper  with  Mr.  R.  L.  McCully  who  is,  in  point  of  service,  prob- 

♦Mining  Engineer,  Farmers  Bank  Building,  Pittsburgh. 
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ably  the  oldest  practicing  engineer  in  the  city  of  Pittsburgh.. 
In  the  course  of  his  early  practice  he  met  Z.  Y.  Remington  who 
was  city  engineer  at  the  time  of  the  McGowan  regulations  men¬ 
tioned  by  Mr.  Blum.  We  must  regret  that  it  did  not  occur  to 
Mr.  Me  Cully  to  inquire  of  Mr.  Remington  the  reason  for  the 
use  of  the  excess  standard  which  has  since  been  the  cause  of  so 
much  grief  to  surveyors  of  city  property.  Remington’s  assist¬ 
ant  was  Ernest  McGowan  and  work  performed  by  him  has  been 
found  to  be  accurate  to  a  degree  hardly  possible  at  the  present 
day.  His  measurements  were  made  with  brass  tipped  rods  gen¬ 
erally  admitted  to  be  0.115  per  100  ft.  longer  than  present  U. 
S.  Standard,  as  stated  by  Mr.  Blum,  although  a  former  city  en¬ 
gineer  always  contended  that  the  excess  was  only  0.08  per  100 
ft.  Unfortunately  some  of  McGowan’s  successors  lacked  his  ac¬ 
curacy  while  others  used  different  standards,  some  containing 
excesses  as  high  as  0.20  per  100  ft.,  making  the  replacing  of  old 
lines  always  extremely  difficult  and  sometimes  practically  im¬ 
possible. 

Mr.  Blum’s  discussion  of  adverse  possession  recalled  to  Mr. 
McCully  two  interesting  cases  which  had  occurred  in  his  prac¬ 
tice.  In  one  of  them  it  was  attempted  to  establish  such  pos¬ 
session,  but  the  evidence  disclosed  the  fact  that  an  interest  in 
the  property  had  been  vested  in  a  minor  when  ten  years  of  age. 
Under  the  law  it  could  not  run  against  him  until  two  years 
after  his  majority;  before  which  time  he  had  married  and  died 
leaving  an  heir,  so  that  all  told  43  years  of  possession  would 
have  been  required  to  establish  title.  In  the  other  case  pos¬ 
session  had  been  practically  established  in  court  when  it  was  dis¬ 
covered  that  an  heir,  a  married  woman,  was  living.  As  ad¬ 
verse  possession  cannot  obtain  against  a  married  woman,  pro¬ 
ceedings  were  immediately  halted. 

Avery’s  History  of  the  United  States,  Yol.  5,  gives  the 
length  of  radius  used  by  Mason  &  Dixon  in  the  establishment 
of  the  tangential  point  on  their  due  North  line  as  108  ft.  longer 
than  12  miles  from  the  Court  House  at  New  Castle,  or  a  sur¬ 
plusage  of  about  0.17  per  100  ft.  In  the  running  of  this  cir¬ 
cular  boundary  between  Pennsylvania  and  Delaware  by  Taylor 
&  Pierson  in  1701  a  radius  of  nearly  13  miles  was  used  instead 
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of  the  12  mile  radius  ordered  by  Penn.  No  explanation  is  offer¬ 
ed  for  this  and  none  of  the  theories  of  surplusage  seem  sufficient 
to  account  for  it. 

In  1889  commissioners  were  appointed  by  Pennsylvania 
and  Delaware  to  adjust  this  circular  boundary.  Under  their 
auspices  Major  W.  C.  Hodgkins  of  the  United  States  coast  sur¬ 
vey  in  1892  found  that  a  compound  curve  was  necessary  to 
satisfy  all  the  conditions  and  this  was  established  and  ratified 
by  the  Pennsylvania  legislation,  but  at  the  time  of  publication 
of  this  volume  of  Avery’s  history,  1908,  no  such  action  had  been 
taken  by  the  Delaware  legislature. 

Mr.  F.  Z.  Schellenberg  :*  Having  the  honor,  coming  to  a 
civil  engineer  of  an  older  time,  of  being  invited  to  participate 
in  this  discussion,  I  should  tell  that  I  served  as  transitman  in 
the  sixties  running  more  than  one  thousand  miles  of  railroad  lo¬ 
cation  lines.  Our  survey  party  of  12  men,  together  with  a  cook 
and  a  teamster  when  camping  out,  could  bring  in  topographic 
sheets  made  in  the  field,  first  on  experimental  lines  (which  might 
be  run  by  magnetic  needle),  mapped  on  a  scale  of  400  feet  for 
projection  of  continuous  location,  and  after  this  made  anew 
following  location  on  a  scale  of  200  feet — receiving  the  contours 
as  taken  again  immediately  on  the  very  ground.  I  have  varied 
my  career  since  by  directing  railroad  surveys  so  laid  down  in 
two  stages;  but  I  am  afraid  this  consummate  art  is  lost  to  the 
present  generation  which  has  not  to  pioneer. 

We  did  not  have  the  steel  tape  but  had  a  real  chain  of 
iron  or  steel  wire,  linked  in  foot  lengths  100  feet  long.  We 
steadily  gave  two-tenths  excess  for  compensating,  say  in  full  100 
feet.  It  has  come  to  me  as  a  probability  that  surveys  for  sub¬ 
divisions  have  been  conventionally  so  measured  with  inherent 
excess  lengths,  even  in  leveled  application.  I  learned  in  Pitts¬ 
burgh  that  the  city  surveys  had  to  receive  a  correction  of 
0.11  for  excess  found  in  standard  rod  of  ten  feet  (nearly  y8  inch 
long)  first  provided  by  a  Philadelphia  mathematical  instrument 
maker,  and  that  a  similar  condition  prevailed  in  Cincinnati 
which  apparently  had  received  as  early  a  rod  of  duplicate 
proving. 

•Consulting  Civil  and  Mining  Engineer,  Pittsburgh. 
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Afterwards  there  came  from  England  the  fifty  foot  Chest- 
erman  steel  tape  which  we  used  first  in  construction  measure¬ 
ments  of  foundations  and  erections.  I  believe  we  ourselves  at 
Irwin,  Pa.  made  and  used  in  measuring  long,  straight  mine 
entries,  the  first  long  steel  tapes.  The  very  first  was  of  ten 
pounds  weight  of  thin  steel  ribbon  obtained  from  Washburn  & 
Moen  in  Massachusetts.  They  were  makers  of  this  hoop  skirt 
wire.  It  was  over  800  feet  long  in  one  piece  spaced  by  and 
large  with  solder  marks  made  by  us  and  mounted  on  a  big 
wooden  reel. 

In  use  of  the  transit  instrument,  I  should  teach  alternating 
the  clamped  plates  end  for  end  in  successive  settings,  that  is 
to  reverse  them,  clamped  together,  by  turning  on  the  spindle, 
taking  the  back  sight,  without  plunging  it  first,  in  same  relative 
position  of  the  telescope  that  it  had  in  foresight.  And  the 
vernier  of  plates  can  be  read  satisfactorily  without  a  magnifier, 
by  observing  the  points  of  coincidence  with  the  graduation  of 
plates  both  back  and  forward,  to  have  the  minus  and  plus  por¬ 
tions  together  as  a  check  for  the  thirty  minutes,  or  half  a 
degree. 

Mr.  E.  J.  Taylor  d  An  act  of  Legislature  was  passed  in  the 
early  sixties  legalizing  a  standard  of  length  which  now  proves 
to  be  1.00115  ft.,  United  States  standard  being  1.00  ft.,  and 
from  the  experience  and  knowledge  that  I  have  of  city  work  this 
standard  has  never  been  applied  to  determine  grades  of  streets 
or  in  determining  quantities,  such  as  the  number  of  square 
yards  of  paving  or  in  determining  the  cubic  yards  of  excavation. 
In  other  words  that  the  city  officials  have  never  fully  recognized 
this  as  a  city  standard  except  when  applied  to  horizontal  meas¬ 
urements. 

Mr.  H.  F.  Layton  :1  In  the  old  Baum  barn,  in  Baum  Grove, 
if  it  is  still  standing,  can  be  found  the  last  rod  that  was  used 
in  the  city  of  Pittsburgh  measurements  .  That  rod  was  25  ft. 
long,  and  tipped  with  brass.  It  was  originally  made  from  rods 
that  were  16y2  ft.  long,  that  came  in  the  early  days  from  Phila¬ 
delphia.  The  rod  was  supposed  to  have  been  brought  from 

tChief  Engineer,  Pittsburgh  Coal  Company,  Oliver  Building,  Pittsburgh. 

t  Civil  Engineer,  Oliver  Building,  Pittsburgh. 
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England,  by  the  Penns  and  all  the  other  rods  were  probably 
taken  from  this  standard.  This  measurement  was  afterwards 
scratched  on  the  floor  of  Citv  Hall,  where  it  is  to  be  found 
today,  and  our  tapes  today  are  0.115  ft.  too  long  in  every  100 
ft.  This  was  legalized  in  the  City  of  Pittsburgh  some  eighteen 
years  ago  by  either  resolution  or  ordinance  of  Council.  I  also 
understood  that  it  was  legalized  by  the  Legislature,  taking  in  the 
cities  of  Philadelphia  and  Pittsburgh.  The  measurements  in 
Pittsburgh  today  do  not  coincide  with  this  0.115  ft.,  in  all  sec¬ 
tions  of  the  City.  In  the  Wylie  Avenue  district  it  is  0.17  ft. 

The  fact  is  that  a  surveyor  going  out  to  locate  a  lot  in 
the  City  of  Pittsburgh  today  is  not  governed  by  the  City  Stand¬ 
ard  measurement;  we  use  the  U.  S.  Standard.  But  in  our 
applications  any  measurement  can  be  used.  Measure  it  up  in 
U.  S.  Standard  and  then  alter  it  for  the  deficiency  or  excess. 
The  fact  that  there  is  a  City  standard  does  not  control  the 
plans  today.  All  plans  that  are  made  at  the  present  time 
state  clearly  whether  they  are  U.  S.  or  City  standard.  I  very 
frecpiently  run  across  deeds  with  plans  attached  which  do  not 
state  which  measurements  were  used,  and  that  disputed  meas¬ 
ure  of  one  or  two  inches  in  a  down  town  district  would  amount 
to  considerable.  In  the  building  we  are  meeting  in  tonight, 
there  was  a  great  deal  of  money  lost  by  the  architect  in  Chicago 
using  what  he  thought  was  IJ.  S.  measure,  and  the  plan  itself 
was  City  measure.  We  find  this  condition  all  over  the  city. 
As  Mr.  Blum  said,  there  should  be  a  recognized  standard,  and 
it  should  be  U.  S.  measure.  City  standard  is  not  used  today  in 
surveying  lots.  Lots  in  the  suburbs  in  most  cases  are  being 
laid  out  by  U.  S.  standard  measure.  The  city  or  the  county 
or  the  township  has  never  taken  any  authority  to  oversee  any 
of  these  plans.  No  monuments  have  been  placed  and  the  pins 
that  are  put  in  are  lost.  The  first  consideration  in  laying  out 
lots  today  is  the  financial  consderation,  and  there  should  be  a 
Commission  or  some  authority  to  look  after  this  work. 

Referring  to  monuments,  I  believe  that  an  ordinance  should 

% 

be  passed  laying  a  heavy  penalty  on  the  removal,  or  covering 
over  of  monuments.  In  the  sixties,  Penn  Avenue  and  Fifth 
Avenue  were  monumented  from  down  town  out  to  the  East  End, 
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and  some  years  ago  when  Mr.  Donley  was  City  Engineer,  he  had' 
a  very  exhaustive  survey  made  of  Second  Avenue  from  down 
town  to  the  Hazelwood  district,  monumented  about  every  500 
feet.  It  is  doubtful  if  any  of  these  monuments  can  be  found 
today.  Monuments  that  have  been  erected  by  the  City  within 
the  last  three  years  are  being  covered  with  concrete  sidewalks, 
without  protest.  The  remedy  is  an  enforced  ordinance. 

Mr.  N.  F.  Hopkins  :*  It  is  unfortunate  that  the 
intention  of  the  original  proprietors  to  survey  the- 
land  into  townships,  presumably  rectangular  in  shape, 
was  not  carried  out  as  there  are  complications  oc¬ 
curring  in  the  plan  followed  of  making  surveys  of 
independent  tracts,  that  do  not  occur  in  the  United  States  pub¬ 
lic  land  surveys.  Under  the  rectangular  system  of  surveys, 
there  were  originally  no  conflicts  as  to  the  lines  between  ad¬ 
joining  sections  as  frequently  occurred  in  the  case  of  two  inde¬ 
pendent  surveys  of  adjoining  patents  in  Pennsylvania. 

The  courses  and  distances  of  early  surveys  were  really  of 
minor  importance  as  compared  with  the  monuments  established 
at  the  time  of  the  surveys.  Had  these  been  of  an  enduring  and 
distinctive  character,  the  later  surveyors  would  have  been  spared 
much  trouble  in  defining  property  lines. 

Surveys  are  made  today  that  are  of  but  little  more  value 
than  the  early  surveys  though  made  and  recorded  with  ex¬ 
treme  accuracy,  on  paper,  but  leaving  no  permanent  record 
by  monuments  on  the  property. 

Many  of  the  early  surveys  in  the  West  were  made  by  one 
or  two  men  with  a  pocket  compass  and  an  axe,  the  distances 
being  measured  by  pacing.  Perhaps,  the  woodland  perch  that 
Mr.  Blum  discovered  may  have  been  the  result  of  sending  out  a 
long-legged  man  in  the  woods  who  could  step  over  tree  trunks 
more  readily. 

Mr.  J.  P.  Leaf  :t  I  think  where  the  surveyor  of  land  comes 
in  is  the  original  conveyance  which  is  often  made  without  a 
survey  by  the  owner  of  the  land  using  a  tape  or  pole.  There 

♦Consulting  Civil  Engineer,  Harrop,  Hopkins  &  Taylor,  Lewis  Block, 
Pittsburgh. 

fCity  Engineer,  Rochester,  Pa. 
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does  not  seem  to  be  any  state  law  requiring  the  filing  of  a  plan. 
County  bar  associations  have  rules  requiring  plans  to  be  filed 
before  they  will  make  a  deed  from  them,  but  plans  are  laid 
out  and  never  surveyed.  When  the  surveyor  is  asked  to  survey 
a  lot  in  one  of  these  old  plans  of  which  there  is  no  record  plan 
he  is  obliged  to  trace  distances  and  boundaries  that  were  never 
accurate  to  begin  with. 

When  retracing  lines  in  the  field  the  actual  distance  in  the 
conveyance  do  not  govern  if  the  monuments  of  the  original  line 
can  be  established.  I  think  the  call  of  the  deed  should  always 
govern  the  distance,  but  if  the  original  line  can  be  retraced  as 
laid  out  by  the  man  who  conveyed  it  I  would  take  that  to  be 
the  proper  line. 

In  the  matter  of  adverse  possession  against  the  public,  it 
is  very  plain  that  the  public  would  suffer  greatly  if  the  adverse 
possession  ran  against  them.  It  may  be  21  years  after  a  plan 
is  laid  out  before  the  streets  are  opened,  and  in  the  meantime 
the  people  have  used  it  for  farming  and  have  probably  built  on 
it.  It  is  plain  that  the  people  who  bought  lots  in  the  plan  and 
improved  them  are  the  people  who  are  entitled  to  travel  those 
streets,  and  their  interest  should  be  taken  care  of  against  the 
individual  always.  I  think  however  that  the  railroad  companies 
have  no  right  to  profit  by  protection  from  adverse  possession. 
Railroad  companies  for  their  own  interest  and  for  the  interest 
of  the  public  should  monument  their  purchases,  so  that  the 
adjoining  owners  can  know  if  they  are  being  en¬ 
croached  on,  and  the  surveyors  can  keep  track  of 
their  plans.  The  railroads  are  apparently  able  to 
take  care  of  themselves.  I  have  known  instances  where  rail¬ 
roads  have  bought  the  same  piece  of  ground  at  least  three  times, 
where  there  was  a  dispute  and  they  wanted  other  land,  because 
they  had  not  monumented  it  permanently. 

I  think  all  states  should  have  laws  requiring  that  plans 
be  filed  and  deeds  approved  at  the  County  Court  House.  There 
is  no  lawyer  in  this  state  that  can  take  a  title  and  show  ab¬ 
solutely  that  a  purchaser  has  the  piece  of  ground  that  he 
bought,  and  I  say  this  advisedly.  In  the  first  place  the  original 
tract  was  surveyed  inaccurately  with  a  surplus  of  presumably 
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6  percent  if  it  is  outside  the  Reserve  tracts.  The  subdivision 
was  laid  out  inaccurately  and  streets  actually  opened  at  places 
different  from  the  original  survey.  An  abstract  of  title  may  be 
obtained  from  an  attorney  but  he  will  end  up  with  enough  ex¬ 
ceptions  to  make  it  absolutely  impossible  to  tie  him  up.  The 
title  to  land  should  be  guaranteed  by  an  officer  at  the  Court* 
House,  the  survey  should  be  made  and  a  certificate  of  survey 
given  by  an  authorized  surveyor. 

Mr.  W.  G.  Wilkins:*  I  agree  with  Mr.  Leaf,  that  no  one 
should  be  permitted  to  make  surveys  of  property  unless  he  has 
passed  an  examination  before  a  legally  constituted  board  of  ex¬ 
aminers  and  received  a  certificate  as  a  licensed  surveyor.  I  am 
informed  that  this  is  the  law  in  Canada,  and  I  think  in  some 
of  the  States.  If  we  had  such  a  law  in  Pennsylvania,  we  would 
not  see  many  maps  of  farms  or  property  surveys  like  one  I 
saw  some  years  ago,  made  by  a  surveyor  not  more  than  50  miles 
from  Pittsburgh,  where  the  survey  did  not  close  by  about  50 
feet.  The  surveyor,  however,  plotted  the  survey  according  to 
his  notes  leaving  the  gap  between  his  starting  and  closing  points, 
and  was  honest  enough  to  note  on  the  map :  “This  survey  ought 
to  close  but  it  does  not.” 

Mr.  W.  McClurg  Donley  :t  As  a  member  of  the  City  Plan¬ 
ning  Commission  of  Pittsburgh,  I  was  invited  to  explain  the 
requirements  of  suggested  rules  compliance  with  which  will  be 
required  in  laying  out  plans  of  lots,  in  order  to  secure  the  ap¬ 
proval  of  the  Planning  Commission. 

The  City  Planning  Department  was  created  under  an  Act 
of  the  Assembly  of  Pennsylvania  in  June  1911,  being  an  act 
creating  City  Planning  Departments  in  cities  of  the  second  class, 
giving  jurisdiction  extending  over  the  city  and  for  three  miles 
beyond  the  city  limits,  and  also  power  to  regulate  the  laying  out 
of  plans  of  lots  within  the  limits  of  the  city. 

Section  five  of  the  act  provides  that  all  plans,  plots  or  re¬ 
plots  of  lands  laid  out  in  building  lots,  and  the  streets,  alleys  or 
portions  of  the  same  intended  to  be  dedicated  to  public  use 

^Consulting  Engineer,  W.  G.  Wilkins  Company,  Westinghouse  Building, 
Pittsburgh. 

•{•Consulting  Civil  Engineer,  Pittsburgh. 
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or  for  the  use  of  purchasers  or  owners  of  lots  fronting:  thereon, 
or  adjacent  thereto,  and  located  within  the  city  limits  shall  he 
submitted  to  the  City  Planning  Commission  and  approved  by 
it  before  it  shall  be  recorded.  And  it  shall  be  unlawful  to  re¬ 
ceive  or  record  such  plan  in  any  public  office  unless  the  same 
shall  bear  thereon  the  approval  of  the  City  Planning  Commis¬ 
sion.  The  disapproval  of  any  such  plan  by  the  commission 
shall  be  deemed  a  refusal  of  the  proposed  dedication.  The  ap¬ 
proval  of  the  commission  shall  be  deemed  an  acceptance. 

In  order  to  simplify  the  work  of  the  commission,  a  special 
committee  consisting  of  Mr.  E.  K.  Morse,  Dr.  A.  A.  Hamerschlag 
and  myself,  were  appointed  to  formulate  rules  and  devise  a 
system  for  handling  plans  of  lots.  The  committee  has  devised 
some  proposed  rules,  and  have  submitted  them  to  several  engi¬ 
neers,  to  the  Engineers’  Society  of  Western  Pennsylvania,  to 
the  Bureau  of  Surveys  of  the  city,  and  to  many  real  estate 
men  for  suggestions  or  additional  rules. 

The  commission  welcomes  any  suggestions  or  criticism  of 
these  rules,  as  it  is  the  intention  of  the  commission  to  formu¬ 
late  the  best  practical  set  of  rules  possible,  in  order  to  protect 
the  engineer,  the  property  owner  and  the  city,  in  regulating 
its  development. 

Experience  justifies  the  enforcement  of  these  rules,  in  order 
to  protect  property  owners  against  careless  engineering,  and  to 
protect  the  engineer  against  a  certain  class  of  real  estate  men 
and  property  owners,  whose  only  object  is  to  secure  a  large 
number  of  lots  without  any  regard  for  the  topography,  the 
future  of  the  plan  or  the  future  lay  out  of  the  city.  These 
rules  will  help  owners  to  fix  the  prices  of  their  lots,  as  in  most 
cases  prices  are  generally  fixed  from  a  plan  without  any  regard 
for  the  grades  of  the  streets  or  the  contour  of  the  land.  By 
the  adoption  of  profiles  with  the  plans,  showing  the  cuts  and 
fills  along  all  properties,  purchasers  will  then  know  the  grades 
of  the  streets  and  can  build  accordingly,  thereby  saving  the  city 
and  abutting  owners  from  paying  excessive  damages  when  the 
streets  are  improved. 

The  unregulated  growth,  and  lack  of  foresight  in  the  de¬ 
velopment  of  the  rural  districts  of  the  city  and  surrounding 
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boroughs,  is  wasteful  and  a  detriment  to  the  city,  and  rigid 
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rules  are  necessary  to  enforce  the  proper  lay  out  of  properties. 
The  lot  purchaser  suffers  as  well  as  the  city  in  a  poorly  laid 
out  plan,  and  sometimes  the  owner  is  caught  by  the  truth  dawn¬ 
ing  on  the  public  before  he  disposes  of  all  his  lots. 

The  city  is  made  to  suffer,  on  account  of  the  depreciation  in 
values,  the  ignoring  of  proposed  or  future  thoroughfares,  and 
the  excessive  damages  caused  by  street  improvements  in  such 
a  plan,  which  are  generally  assessed  against  the  city,  on  ac- 
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count  of  the  properties  being  cheap  and  not  being  able  to  stand 
the  assessment.  In  most  cases,  the  city  hesitates  to  improve 
streets  in  such  plans,  on  account  of  the  high  cost  and  assess¬ 
ments  against  the  city,  thereby  depriving  the  lot  owner  of  an 
improved  street  and  easy  access  to  his  property,  and  causing 
depreciation. 

An  illustration  of  what  generally  happens  when  the  city 
improves  a  street  in  a  plan  where  the  grade  of  the  street  is  not 
adopted  when  the  plan  is  laid  out  and  the  lots  are  purchased, 
is  as  follows:  Smith  buys  a  lot  for  $1000,  which  is  well  lo¬ 
cated  and  cannot  be  damaged  by  any  grade;  Jones  buys  a  lot 
for  $500,  on  a  hump  which  is  left  high  by  the  improvement; 
Brown  buys  a  lot  in  a  hole  for  $200,  which  is  left  low  by  the 
improvement.  The  viewers  come  along  after  the  street  is  paved 
and  pass  up  Smith,  on  account  of  his  property  not  being  dam¬ 
aged,  they  award  Jones  and  Brown  each  $200  damages,  they 
assess  Smith  and  other  property  owners  that  are  not  damaged 
with  $400  special  benefits,  in  order  to  improve  Jones’  and 
Brown’s  properties,  this  causes  Smith  to  file  exceptions,  and  in 
nine  cases  out  of  ten  the  damages  are  assessed  against  the  city. 
This  is  the  reason  that  the  Commission  insists  upon  the  adoption 
of  the  grades  at  the  same  time  as  the  plan  is  adopted,  as  the 
city  is  not  liable  for  any  damages  when  the  adopted  grades  are 
not  adhered  to,  in  building. 

Whenever  a  building  restriction  line  is  marked  on  a  plan, 
it  is  my  opinion  that  the  depth  of  the  lot  should  be  shown  and 
deeded  to  the  restriction  line  only,  and  that  portion  lying  be¬ 
tween  the  restriction  line  and  the  street  line  should  be  reserved 
for  lawns  or  parkings  for  the  various  lots,  provided  that  it 
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-could  be  done  legally.  This  would  reduce  the  damages  for  fu¬ 
ture  street  widening,  where  it  becomes  necessary. 

To  conform  to  these  rules,  it  will  probably  add  about  one- 
half  to  the  cost  of  engineering,  but  it  will  pay  for  the  extra 
expense  many  times  over  in  the  future  development  of  the  plan. 
Well  laid  out  streets  with  easy  grades,  to  make  all  parts  of  the 
plan  accessible,  cause  a  steady  increase  in  values.  While  val¬ 
ues  in  plans  blocked  out  with  inaccessible  streets,  without  any 
regard  for  the  topography  or  contour  of  the  land  always  de¬ 
preciate  and  the  city  loses  for  all  future  time  by  reason  of 
the  low  taxes  from  these  cheap  properties. 

The  City  Standard  Measure  of  one  hundred  feet  which  is 
•equal  to  100.115  U.  S.  Standard  Measure,  and  the  various  dat¬ 
ums  used  for  levels  throughout  the  city  should  be  abolished. 
All  city  measurements  should  be  converted  into  U.  S.  Standard 
Measure,  and  all  levels  should  be  determined  from  the  Sandy 
Hook  or  sea-level  .datum. 

In  my  experience  during  the  past  seventeen  years  in  sur¬ 
veying  throughout  the  city  and  suburbs,  I  have  found  excesses 
ranging  from  nothing  to  0.25  feet  per  hundred  feet,  and  in  a 
few  cases  I  find  deficiencies.  The  main  object  in  surveying  in 
a  plan  of  lots  at  the  present  time  is  to  determine  the  length 
of  the  chain  or  tape  used  by  the  engineer  who  laid  out  the  ori¬ 
ginal  plan,  after  that  with  a  starting  point  the  rest  is  easy. 

I  consider  the  borough  of  Garrick,  which  is  one  of  the 
largest  boroughs  in  the  county,  second  to  none  in  the  matter 
of  surveying.  In  1905  and  1906,  Garrick  borough  appropriated 
about  $5000  to  locate  all  streets  and  alleys,  establish  grades, 
make  a  complete  and  accurate  survey  of  the  entire  borough, 
place  monuments  and  to  put  the  borough  in  such  shape  that 
any  property  could  be  surveyed  without  doubt,  and  the  grade 
be  given  for  building  purposes.  The  borough  was  fortunate  in 
the  beginning  in  having  successful  business  men  and  large 
property  owners  in  Council,  as  John  M.  Phillips,  Win.  E.  Sank- 
ey,  W.  D.  Dixon  and  others,  who  could  appreciate  the  import¬ 
ance  of  such  a  survey. 

There  were  over  seventy-five  large  plans  of  lots,  besides  a 
few  hundred  undivided  properties.  In  order  to  find  the  proper 
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lines  of  the  streets,  alleys,  property  lines,  etc.,  it  was  necessary 
to  make  a  circuit  of  each  plan  or  plot  and  determine  the  length 
of  the  tape  used  in  laying  out  the  property.  The  excess  of  each 
plan  was  marked,  and  the  entire  work  was  converted  into  U.  S. 
Measure,  and  monuments  set.  In  letting  contracts  for  street 
paving,  we  would  include  the  placing  of  monuments  at  all 
street-intersections,  angles  and  important  property  lines.  These 
monuments  were  all  tied  in  by  the  co-ordinate  system,  and  the 
position  of  each  monument  being  known,  makes  surveying  in 
Carrick  very  easy.  A  lot  in  a  plan  in  Carrick,  can  now  be 
surveyed  in  less  than  an  hour,  which  formerly  took  an  entire 
day. 

The  speaker  was  unable  to  do  this  work  in  the  adjoining 
boroughs  of  Mt.  Oliver,  Knoxville  and  St.  Clair,  on  account  of 
its  importance  not  being  appreciated  by  the  borough  authori¬ 
ties  who  did  not  appropriate  money  to  carry  the  work  through. 

Mr.  U.  N.  Arthur  With  the  city  as  confined  within  the 
present  enlarged  boundary  lines  there  does  not  seem  to  be  any 
justification  for  continuing  the  use  of  the  so  called  City  Stand¬ 
ard  Measurement  regardless  of  any  merits  it  may  have  had 
when  established.  The  greater  part  of  the  territory  within  the 
present  city  limits  was  laid  out  without  any  consideration  of  the 
city  standard,  or  possibly  any  other  standard  measurement,  and 
for  that  reason  I  believe  we  would  be  justified  in  discontinuing 
the  further  use  of  the  city  standard  and  making  all  measure¬ 
ments  according  to  U.  S.  Standard.  The  most  accurate  work 
we  have  in  the  city,  as  far  as  lineal  measurements  are  con¬ 
cerned,  is  the  work  of  Mr.  McGowan,  City  Regulator,  who  was 
responsible  for  introducing  the  use  of  the  City  Standard  on 
account  of  the  discrepency  in  the  length  of  the  wooden  pole  used 
at  that  time.  Where  his  original  points  can  be  established 
with  any  degree  of  certainty,  there  is  no  trouble  checking  these 
measurements  by  making  the  correction  between  the  City  Stand¬ 
ard  and  the  U.  S.  Standard.  The  degree  of  accuracy  in  this 
measurement  can  be  largely  atrributed  to  the  use  of  the  wood¬ 
en  pole  which  was  comparatively  short  and  of  course  had  a 
very  low  coefficient  of  expansion.  In  the  more  recent  measure- 

*Principal  Assistant  Engineer,  Bureau  of  Surveys,  City  of  Pittsburgh. 
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ments  made  with  steel  tapes  we  generally  find  a  large  degree 
of  error  which  I  account  for  largely  by  the  failure  to  make  the 
proper  corrections  for  the  expansion,  due  to  the  wide  range  of 
temperature,  which  can  be  readily  shown  to  amount  to  more 
than  the  difference  between  the  U.  S.  Standard  and  the  City 
Standard  measurements. 

The  principal  thing  in  our  present  city  work  is  to  aim  at  a 
greater  degree  of  accuracy  in  measurements  with  a  definite 
statement  of  the  proper  standard  used  in  the  survey  and  for 
that  reason  I  would  urge  that  all  measurements  with  steel  tapes 
be  reduced  to  a  temperature  of  about  60  deg.  Fahr.  with  a 
statement  of  whether  such  measurement  is  made  with  City  or 
U.  S.  Standard.  The  City  Planning  Commission  may  have  in 
mind  such  corrections  for  temperature,  but  I  think  it  should 
be  definitely  stated  in  the  instructions. 

In  the  more  recent  plans  laid  out  in  the  city  all  angles  and 
measurements  have  been  checked  by  the  Bureau  of  Surveys  be¬ 
fore  the  approval  of  the  plans  and  I  feel  that  these  plans,  as 
corrected,  will  all  check  within  a  reasonable  degree  of  accuracay. 

The  Bureau  of  Surveys  is  doing  a  great  amount  of  work 
in  attempting  to  locate  and  establish  definitely  the  lines  of 
all  streets.  This  is  a  particularly  difficult  task  on  account  of 
the  lax  methods  used  in  laying  out  the  original  plans  of  lots.  As 
all  are  well  aware  the  present  city  is  made  up  largely  of 
townships  and  boroughs  that  were  annexed  to  either  the  city  of 
Pittsburgh  or  the  former  city  of  Allegheny  after  the  sub-di¬ 
visions  had  been  laid  out  in  plans  of  lots.  Many  of  these 
tracts  were  laid  out  and  recorded  by  the  property  owners  with¬ 
out  a  survey,  or  in  case  a  survey  was  made  no  permanent 
marking  points  were  placed  and  the  lapse  of  years  have  ob¬ 
literated  the  original  lines.  A  case  illustrating  the  lax  method 
used  by  property  holders  in  sub-dividing  their  holdings  came  to 
my  notice  sometime  ago.  We  had  occasion  to  locate  street 
lines  in  a  plan  located  in  one  of  the  townships  adjoining  the 
city,  and  found  without  difficulty  several  stone  monuments,  but 
they  apparently  had  no  relation  to  the  streets  and  after  con¬ 
siderable  investigation  we  found  that  the  plan  as  at  first  laid  out 
was  properly  surveyed  and  monumented.  The  layout,  how- 
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ever,  did  not  meet  the  approval  of  the  owner  of  the  property 
who  had  a  plan  made  and  recorded  according  to  his  idea  of 
what  the  layout  should  he,  this  new  plan,  as  of  record,  was  based 
on  no  survey  and  the  streets  have  no  relation  whatever  to  the 
monuments  as  set  on  the  ground.  This  is  a  fairly  good  illu¬ 
stration  of  what  the  Bureau  of  Surveys  has  to  contend  with  in 
attempting  to  locate  and  fix  definitely  old  street  lines. 

As  fast  as  we  are  able  to  locate  the  street  lines  we  are 
now  setting  concrete  monuments  which  we  hope  will  fix  the 
lines  of  these  streets  for  all  time  to  come.  These  monuments 
are  set  about  four  feet  deep  with  a  base  approximately  two 
and  a  half  feet  square,  the  top  is  placed  about  six  inches  below 
the  established  grade  and  a  cast  iron  monument  box  marked 
“D.P.W.— SURVEYS  MONUMENT,”  placed  over  the,  top. 
These  boxes  have  a  hinged  lid  which  can  easily  be  raised  leav¬ 
ing  the  top  of  the  monument  exposed.  These  boxes  are  designed 
to  be  set  in  and  held  by  the  sidewalks  without  any  bearing  on 
the  monument  so  that  any  sliding  movement  of  the  pavement 
will  not  tend  to  disturb  the  position  of  the  monument.  A 
bronze  centering  plug  placed  in  the  top  of  the  monument  serves 
to  indicate  the  running  line  of  the  street  and  also  furnishes  a 
definite  point  for  permanent  bench  marks. 

Mr,  A.  E.  Duckham:*  While  looking  up  data  in  Greens- 
burg  for  the  surveys  of  about  7000  acres  of  timberlands  in 
Westmoreland  County,  I  ran  across  the  following  description 
of  an  old  tract  of  land:  “Beginning  at  the  point  on  Powder- 
Mill  Run  where  Bill  Jones  killed  the  Indian!”  It  is  needless 
to  say  we  did  not  find  the  corner. 

We  have  received  a  great  deal  of  valuable  information 
from  the  paper  of  this  evening.  Above  all  things  in  making 
surveys  of  property  judgment  is  most  needed.  Especially  is 
this  true  for  the  engineer  who  has  to  make  surveys  of  lots  which 
■were  staked  out  many  years  ago  when  the  quality  of  the  work 
did  not  call  for  any  refinement,  when  the  owners  of  the  proper¬ 
ty  would  not,  and  rightly,  pay  for  “splitting  hairs.”  The  first 
principle  to  be  applied  is  to  put  oneself  in  the  place  of  the  old 
surveyor  of  previous  years,  and  try  to  find  the  conditions  under 

♦Consulting'  Civil  Engineer,  House  Building,  Pittsburgh. 
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which  he  worked,  and  what  he  did.  We  must  remember  that 
his  instruments  were  crude,  often  only  the  compass  and  chain. 
The  ground  had  but  little  value,  and  he  was  but  poorly  paid  for 
his  services.  As  the  elder  Trautwine  said,  “That  work  is  ac¬ 
curate  enough  which  cannot  be  made  more  so  without  an  ex¬ 
penditure  more  than  commensurate  with  the  object  to  be  gained. 
The  writer  conceives  that  the  accuracy  essential  to  constitute 
practically  fair  surveying  is  purely  a  matter  of  dollars  and 
cents.”  Just  like  smy  other  business. 

In  city  surveys,  after  getting  all  available  data  from  offices, 
or  records,  either  at  the  City-Hall  or  Court-House,  measure  up 
the  entire  square  or  block,  and  ascertain  whether  there  is  a 
shortage  or  excess  and  the  amount.  Usually  we  find  it  to  be 
the  latter,  as  it  was  the  custom  of  earlier  days  to  give  “good 
measure,”  allowing  an  inch  or  two  excess  per  chain  length. 
Sometimes  this  was  done  to  allow  for  errors  in  slope  measure¬ 
ment,  as  the  early  surveyors  seemed  to  dislike  “breaking  chain.” 
Also,  as  we  heard  to-night,  some  of  our  cities  have  what  is 
called  “City  Measure.”  Pittsburgh  for  example  has  an  excess 
of  0.115  ft.  per  100  ft.  over  United  States  Measure.  Some  of 
our  engineers  use  0.10  excess,  and  others  even  have  used  0.09 
and  0.08.  As  said  by  one  of  our  members  to-night  there  was 
at  one  time  a  25  foot  pole  of  pine  used  by  one  of  our  former 
City  Engineers.  One  report  was  that  this  was  inch  too  long ; 
but  I  believe  the  original  reason  for  the  excess  is  this ;  that  there 
is  somewhere  concealed  in  the  dusty  records  of  our  City-Hall 
a  pole  10  feet  long,  of  rosewood,  bound  at  the  ends  with  brass, 
and  that  this  pole  is  of  correct  U.  S.  Standard,  but  that  in  using 
it  to  lay  out  early  base-lines  they  did  not  allow  for  the  width 
of  the  plumbline  which  was  rather  heavy. 

To  return  to  the  subject  of  excess  or  shortage.  If  any  is 
found,  it  should,  if  possible,  be  divided  pro  rata  among  the  lots 
of  the  plan.  This  rule  will  not  always  apply,  however :  for  in¬ 
stance,  the  block  may  be  built  up  solid  with  buildings,  in  which 
case  we  cannot  disturb  the  houses  which  have  been  standing 
for  many  years  (twenty-one  years  of  undisturbed  procession 
giving  them  a  legal  title,  as  long  as  the  building  remains  stand¬ 
ing)  ;  remembering  the  law,  which  is  common  sense,  that  the 
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owners  who  built  the  houses  probably  had  the  original  pins  to 
build  by,  and  it  is  not  a  question  as  to  where  the  pins  should 
have  been,  but  of  where  they  were  placed  by  the  original  sur¬ 
veyor.  Owners  cannot  be  dispossessed  of  their  property  and 
made  to  move  their  houses  at  the  caprice  of  any  engineer  fol¬ 
lowing  after.  This  rule  our  courts  have  well  established  for  the 
good  of  the  public. 

Again  the  rule  of  pro  rata  applies  only  to  a  plan  of  lots. 
If  the  property  has  been  sold  off,  not  in  lots  but  by  tracts,  each 
man’s  deed  calling  for  a  certain  distance  from  the  corner  of  a 
street,  then  each  man  gets  just  what  his  deed  calls  for,  and  the 
last  man  who  buys  in  that  tract  gets  what  is  left,  assuming  the 
excess  or  shortage.  Of  course  he  has  recourse  against  the  man 
who  sold  him  a  certain  number  of  feet,  providing  he  gets  less 
than  what  he  bought;  although  if  the  deed  says  “more  or  less’' 
he  has  no  redress. 

In  no  case  can  the  engineer  go  out  of  the  square  in  which 
he  is  working  to  make  any  adjustment.  Each  square  must 
stand  upon  its  own  merits ;  and  if  there  is  any  error  it  must  be 
adjusted  in  that  square. 

In  the  larger  part  of  our  older  city  districts  there  are  no 
monuments  or  stones,  and  we  have  to  make  a  complete  survey 
of  each  and  every  house  and  lot  in  the  square  to  determine  to 
the  best  of  our  judgment  where  the  original  lines  were;  giving 
due  credit  to  old  pins,  or  marks  on  buildings,  or  curb,  or  side¬ 
walk.  In  hunting  for  old  corners  often  they  seem  to  have  com¬ 
pletely  disappeared;  but,  if  the  pins  were  set  in  recent  years 
in  good  ground,  they  maybe  unearthed  by  the  careful  use  of  a 
spade,  removing  the  top  sod  or  dirt;  the  nail  center  has  dis¬ 
appeared,  sometimes  only  the  impression  of  the  pin  has  remain¬ 
ed,  but  this  is  more  reliable  than  measuring  from  a  point  a 
considerable  distance  away.  A  further  and  more  extended 
study  of  the  subject  may  be  profitably  had  by  consulting  “The 
Judicial  Functions  of  Surveyors”  by  Chief  Justice  Cooley  of 
the  Supreme  Court  of  Michigan. 

Mr.  J.  A.  McColloch  :*  Survey  monuments  should  be  so 
placed  that  the  frost  will  not  displace  them.  When  they  do  not 
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extend  below  the  frost  line  its  heaving  action  is  liable  to  dis¬ 
turb  them.  Where  they  extend  in  part  below  the  frost  line,  it 
is  questionable  whether  the  portion  above  the  frost  line  does 
not  disturb  that  which  is  below.  This  has  led  to  placing  the 
monument  wholly  below  the  frost  line  and  putting  a  witness 
pipe  to  surface  by  which  to  give  access  to  the  buried  monument. 
This  is  used  especially  for  minor  or  intermediate  triangulation 
monuments  of  cheap  character  and  is  of  especial  value  where 
they  also  serve  as  ‘ £ benches. ”  Even  so  “slips”  may  alter  their 
exact  location. 

An  interesting  difficulty  in  land  surveying  occurred  in  a 
land  title  case  in  Maryland  where  it  was  held  that  the  deed 
should  define  by  old  course  and  distance  where  following  a  line 
of  a  British  Crown  Grant  (giving  same  without  translation  into 
present  measures  of  distance  and  bearing)  but  that  a  modern 
line  of  partition  should  be  given  in  horizontal  measure  and  true 
bearing.  The  consequent  deflection  angle  being  different  from 
the  angle  on  the  ground  gives  rise  to  confusion. 

Riparian  property  is  interesting  because  of  the  riparian 
rights  which  may  be  fixed  by  law~  or  equity.  A  “point  of  be¬ 
ginning”  situated  on  a  riparian  line  is  ill  placed  because  of  the 
shifting  of  the  property  line  that  may  equitably  be  inherent 
in  the  riparian  right.  A  right  that  carries  increase  or  diminu¬ 
tion  by  accretion  or  errosion,  etc.  The  determination  of  a  point 
on  a  property  line,  especially  where  the  point  is  on  a  riparian 
line,  is  often  obscured  by  surface  (not  horizontal  measure.)  A 
curious  case  is  a  short  distance  above  Pittsburgh  on  the  Mo- 
nongahela  River  where  the  lines  of  property  on  the  left  bank 
place  the  riparian  line  nearly  on  the  right  bank.  Say  roughly 
95  percent  or  so  of  the  way  across  the  river.  While  it  is  true 
that  the  left  bank  owner  does  acquire  title  to  this  submerged 
acreage  his  right  does  not  lie  against  the  superior  “Public 
Right”  to  navigate  the  stream. 

An  interesting  case  of  “Adverse  Possession”  came  up  in 
a  court  proceeding  in  West  Virginia  where  title  thereunder  was 
claimed  against  an  old  title  of  U.  S.  Military  Grants  but  it 
was  shown  that  the  claimant,  within  the  legal  period  required  to 
establish  adverse  possession,  had  not  held  one  well  defined  line 
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but  had  frequently  shifted  the  same  (like  the  inching  out  of  the- 
railroads  past  the  right  of  way  line).  This  shifting  was  held  to 
be  an  effective  obliteration  of  boundary  so  that  it  was  impossible 
to  establish  any  complete  line  of  boundary  as  of  any  specific 
date  and  thus  the  adverse  claim  was  held  to  leave  no  equity 
even  though  it  was  clear  from  the  evidence  that  the  claimant 
had  held  some  indefinite  amount  for  fully  forty  years.  The 
court  held  that  it  was  necessary  to  maintain  a  single  line  for  the 
legal  period. 

Mr.  F.  C.  Schatz  After  what  has  been  said  this  evening, 
I  am  reminded  of  a  transfer  of  property  that  has  been  made 
very  recently.  A  prospective  purchaser  asked  that  a  survey  be 
furnished  him  by  the  owner  to  compare  with  the  deed.  He  was 

told  that  a  survey  had  been  made,  but  it  could  not  be  found.  The 

/ 

prospective  purchaser  had  a  new  survey  made,  which  did  not 
agree  with  the  deed.  This  fact  was  brought  to  the  owner’s  at¬ 
tention  and  in  a  very  short  time  his  survey  was  produced.  After 
comparing  it  with  the  new  one,  he  very  definitely  stated  that 
his  survey  was  correct,  and  furthermore,  that  he  had  title  in¬ 
surance  covering  the  same.  The  prospective  purchaser’s  sur¬ 
veyors  were  equally  certain  that  their  survey  was  correct  and 
stood  pat.  The  engineers  representing  the  two  interests,  were 
asked  to  get  togther  and  arrive  at  a  correct  understanding.  That 
was  impossible  at  the  time.  The  prospective  purchaser  wanted 
the  property,  and  finally  said  that  he  would  be  willing  to  take 
the  owner’s  survey  as  being  correct,  provided  he  could  get  the 
title  insurance  company  to  issue  him  a  policy.  The  title  insur¬ 
ance  company  learned  of  the  two  surveys  and  called  together 
the  Engineers  representing  both  surveys.  They  got  together 
and  effected  a  new  survey,  for  seemingly  neither  of  them  had 
the  right  one. 

I  have  been  wondering  since  sitting  here,  how  it  was  pos¬ 
sible  for  both  of  them  to  be  right,  and  then  later  for  neither  of 
them  right,  and  finally  both  of  them  right. 

Mr.  R.  C.  Woods  :t  In  establishing  street  grades,  the  grades 
of  the  two  curbs  should  be  made  the  same  elevation,  or  nearly 

♦Superintendent  of  Buildings,  Joseph  Horne  Co..  Pittsburgh. 
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so,  except  when  it  is  absolutely  impossible  which  may  be  the 
case  at  an  intersection  with  another  street.  When  there  is  any 
variation  necessary  between  street  intersections,  I  believe  this 
should  be  limited  to  one  foot.  I  know  of  cases  where  there  is 
a  difference  of  as  much  as  six  feet  in  the  grades  of  the  curbs 
on  the  two  sides  of  the  street.  This  occurs  in  territorv  that 
may  be  part  of  the  city  of  Pittsburgh  at  some  future  date  in 
which  case  the  city  will  more  than  likely  establish  the  grades 
of  the  two  curbs  at  the  same  elevation,  thus  resulting  in  in¬ 
creased  damages  being  assessed  against  the  city.  Another 
feature  of  laying  out  streets  in  this  manner  is  the  matter  of 
drainage,  the  houses  on  the  lower  side  of  the  street  being  apt 
to  get  more  than  their  share  of  water. 

Mr.  F.  G.  Ross:  I  would  ask  Mr.  Donley  if  the  City 
Planning  Commission  has  established  any  standard  of  accu¬ 
racy?  That  is  to  what  degree  of  accuracy  must  the  surveys 
be  made  to  satisfy  the  Commission. 

Mr.  W.  McClurg  Donley  :  That  is  a  pretty  hard  question  to 
decide,  on  account  of  the  topography  and  the  conditions  exist¬ 
ing  in  the  city.  The  Commission  intends  to  require  the  high¬ 
est  standard  of  engineering  practice.  After  these  rules  have 
been  established,  they  intend  to  have  model  plans  for  various 
engineers  to  inspect  and  follow  out. 

Mr.  F.  G.  Ross:  I  did  not  mean  the  degree  of  accuracy 
in  the  plan,  I  meant  the  degree  of  accuracy  to  which  field  work 
must  be  done ;  that  is,  to  a  limit  of  error  of  say  one  in  10  000. 
Has  the  Commission  established  any  degree  of  accuracy  to 
which  surveys  coming  before  it  must  be  made? 

Mr.  W.  McClurg  Donley  :  It  is  almost  impossible  for  two 
sets  of  chainmen  to  measure  alike.  From  my  experience.  I  find 
them  differing  from  0.02  to  0.1  ft.  per  1000  ft.  Temperature 
should  be  taken  into  consideration  when  measuring.  However, 
there  is  such  a  thing  as  being  too  technical,  and  all  the  Com¬ 
mission  desires  is  for  the  engineer  to  attain  the  highest  degree 
of  practical  measurement.  In  my  judgment  this  would  be 
about  0.005  ft.  per  100  ft.,  or  in  other  words  one  in  twenty 
thousand. 
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The  Author:  I  feel  gratified  that  the  paper  has  pro¬ 
duced  such  full  discussion.  I  wish  to  be  acquitted  of  making 
any  statement  without  investigation,  with  reference  to  the 
legality  of  the  city  standard.  Up  to  a  few  years  ago  I  as¬ 
sumed  the  legal  establishment  of  the  city  standard,  just  as 
we  have  heard  to-night.  But  in  the  course  of  my  work  I  have 
had  several  times  to  ask  for  authority  and  have  been  unable 
to  find  it.  I  have  just  lately  heard  that  there  is  an  Act  of 
Assembly  but  the  Act  has  not  been  produced.  Although  an  ex¬ 
perience  of  ten  years  in  the  City  Survey  of  Philadelphia  led 
me  to  believe  that  there  was  no  legal  authority  for  its  use  in 
that  city,  I  confirmed  my  own  opinion  by  writing  to  my  old 
chief,  C.  A.  Sundstrom,  M.  Am.  Soc.  C.  E.,  who  replied  as 
follows :  ‘ ‘  The  only  authority  for  this  standard  is,  that  the 

city  was  originally  surveyed  by  Wm.  Penn’s  surveyors,  using 
the  standards  now  prevailing.  ’  ’  , 

Is  it  important  that  the  legal  status  of  City  Standard  shall 
be  determined  ?  I  believe  that  it  is.  For  example :  If  there  is 
an  Act  of  Assembly  prescribing  that  the  city  standard  is  the 
legal  standard  of  the  City  of  Pittsburgh,  is  there  not  an  in¬ 
consistency  in  the  City  Planning  Commission  prescribing  the 
U.  S.  Standard?  Personally,  I  believe  it  would  be  a  good  thing 
for  the  Commission  to  prescribe  the  U.  S.  Standard,  but  I  do 
not  know  how  they  can  do  that  if  the  legal  standard  is  the 
City  Standard. 

It  has  been  stated  that  most  of  the  engineers  state  on  their 
plans  whether  they  have  used  City  Standard  or  U.  S.  Stand¬ 
ard,  but  have  you  ever  seen  it  stated  on  a  deed  or  any  instru¬ 
ment  of  record?  I  have  not.  The  importance  of  the  subject  is 
demonstrated  by  Mr.  Layton ’s  reference  to  the  very  building  we 
are  in.  A  clear  loss  of  building  area  resulted  to  the  owners  by 
the  conflict  of  standards.  The  owners  of  a  piece  of  property 
should  be  able  to  use  that  property  down  to  the  very  last  %  in. 
of  it. 

I  cannot  agree  with  one  statement  by  Mr.  Layton.  It  is 
true  that  in  the  measurement  of  a  block  the  standard  of  the 
block  itself  to  a  certain  extent  regulates  it.  If  we  find  by  the 
application  of  the  U.  S.  Standard  that  there  is  a  surplus  we  can 
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generally  apportion  that  surplus;  but  if  we  find  there  is  a 
deficiency  we  cannot  always  apportion  that  deficiency.  It  is 
true  that  if  we  are  surveying  a  lot  in  a  plan  of  lots  running 
from  street  to  street  and  we  find  a  shortage,  we  are  justified  in 
apportioning  the  shortage.  But  if  properties  are  accurately 
established  by  a  recital  of  certain  distances  from  an  intersecting 
street  and  certain  frontages  are  recited,  I  believe  we  must  hold 
to  those  distances  and  frontages  and  place  the  entire  shortage 
on  the  lot  which  is  last  derived  from  the  common  owner  of 
all  the  property. 

On  the  subject  of  monuments  and  filing  plans:  I  am  in¬ 
formed  that  in  some  of  the  western  states  it  is  obligatory  to 
place  monuments  on  a  certain  portion  of  the  corners  and  file  a 
plan  in  the  court  house  of  all  property  surveyed.  I  think  Penn¬ 
sylvania  is  unprogressive  in  that  respect.  I  do  not  know  a 
single  act  of  assembly  or  ordinance  which  compels  a  municipality 
or  a  private  individual  to  define  any  line  by  physical  monuments. 
This  is  a  mistake  and  the  private  engineer  suffers  as  much  from 
it  as  any  one  else.  It  is  so  difficult  to  make  the  private  owner 
realize  the  importance  of  monuments.  In  a  recent  survey  which 
cost  the  owner  a  considerable  sum  of  money,  there  was  no  ob¬ 
jection  to  the  charge  for  the  survey,  but  when  I  suggested  that 
he  put  in  an  additional  5  percent  for  physical  monuments  he 
simply  could  not  see  the  necessity.  If  our  municipalities  were 
to  set  the  example  of  monumenting  their  lines,  the  private  owner 
would  follow  the  lead. 

I  do  not  desire  this  paper  to  be  considered  in  any  sense  a 
criticism  of  the  city  of  Pittsburgh  or  any  of  its  departments. 
The  Bureau  of  Surveys  is  at  the  present  time  doing  all  it  can 
to  replace  old  landmarks. 

The  preservation  of  monuments  has  been  very  well  brought 
out.  It  is  only  second  in  importance  to  their  establishment.  It 
has  always  seemed  to  me  that  the  main  trouble  is  that  there  is 
no  organization  to  preserve  monuments.  An  organization  of 
the  city  departments  in  such  a  manner  that  the  Bureau  of  Sur¬ 
veys  should  receive  notice  of  any  work  contemplated  upon  city 
streets  by  any  of  the  other  bureaus  or  by  an  individuals ;  would 
give  the  Bureau  of  Surveys  an  opportunity  to  protect  monu- 
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ments.  Mr.  McCully’s  description  of  the  cases  in  which  the* 
Courts  have  limited  the  application  of  the  law  of  title  by  adverse 
possession  is  instructive.  It  demonstrates  the  danger  of  the 
surveyor  attempting  in  any  case  to  apply  the  law  in  the  survey 
of  properties. 

Mr.  Leaf  has  taken  exception  to  the  idea  suggested  in  the 
paper,  that  adverse  possession  should  obtain  against  the  public. 

The  illustration  which  he  uses  is  an  extreme  case.  It  is 
hardly  conceivable  that  some  one  owner  of  lots  in  a  plan  of  lots, 
would  not  claim  his  full  rights  at  some  time  within  the  period  of 
twenty-one  years.  If  A  has  sold  lots  to  B,  C,  D,  and  E,  etc. ; 
it  seems  hardly  probable  that  not  one  of  them  would  claim  his 
full  privileges  from  A  within  the  statutory  period.  And  why 
should  B’s  rights  as  a  lot  owner  be  held  more  sacred  in  relaton 
to  A,  the  common  owner,  than  to  his  neighbors  C  and  D.  Let 
me  mention  another  illustration  of  the  inequity  of  the  present 
exemption  of  streets  from  title  by  adverse  possession. 

In  a  very  old  town  in  this  state,  it  has  been  known  for  many 
years  that  a  certain  street  has  been  misplaced  a  matter  of  eight 
or  ten  feet.  Only  recently  the  legislation  which  re-established 
that  street  has  been  unearthed,  and  it  is  questionable  whether  this- 
legislation  is  legal.  The  street  has  existed  for  a  matter  of  70 
years  in  its  present  physical  location,  substantial  buildings  line 
each  side  and  it  is  entirely  improbable  that  any  city  engineer 
would  demand  the  original  location  of  the  street.  But  consider 
the  dangerous  position  in  which  property  is  placed  when  it  is 
possible  for  any  municipal  authorities  to  claim  that  which  has 
ceased  to  exist  physically  for  70  years?  Limitation  in  time  is 
recognized  as  one  of  the  fundamentals  in  the  law,  and  it  seems 
to  me  that  such  limitation  with  reference  to  land  tenure,  has 
just  as  much  right  to  exist  and  is  just  as  wise  as  any  other 
character  of  limitation. 


Since  the  presentation  of  my  paper,  my  attention  has  been 
called  to  a  case  in  Quarter  Sessions  Court,  Allegheny  County, 
May  Sessions  1912.  In  the  examination  of  title  to  certain  resi¬ 
dence  property  in  the  borough  of  West  View,  Attorney  John 
Dunn  of  this  city  discovered  that  the  old  Franklin  State  Road 
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as  it  existed  prior  to  1849,  passed  through  many  lots  in  t lie- 
borough.  of  West  View.  This  road  originally  used  as  an  Indian 
trail,  was  afterward  adopted  by  the  State  of  Pennsylvania.  In 
1849,  the  Perrysville  Plank  Road  was  substituted  for  it,  and  the 
adjoining  farmers,  ignorant  of  the  law,  fenced  in  the  portions 
of  the  old  State  road  which  were  abandoned,  but  not  vacated. 
Gradually  the  knowledge  of  the  old  road  location  was  forgot¬ 
ten  and  plans  of  lots  were  laid  out  without  regard  to  the  old 
road.  Although  its  location  is  not  recorded  on  any  official  plan, 
and  it  has  long  outlived  its  usefulness,  it  was  a  legal  road  until 
its  vacation  in  this  present  year.  The  writer  can  see  no  good 
reason  for  the  existence  of  such  a  menace  to  the  security  of  land 
titles. 


THE  OHIO  RIVER  HIGHWAY  BRIDGE 

AT  SEWICKLEY 


By  V.  R.  Covell* 


History :  Public  recognition  of  the  necessity  for  a  bridge 
across  the  Ohio  river,  between  the  borough  of  Sewickley  and 
Coraopolis,  was  first  made  by  calling  a  public  meeting  in 
Sewickley,  November  24,  1894,  to  consider  the  erection  of  a  free 
bridge  over  the  Ohio  river,  from  a  line  between  the  boroughs 
of  Osborne  and  Sewickley  to  a  point  on  the  township  road  in 
Moon  township. 

At  the  time  of  this  meeting  there  was  no  bridge  over  the 
Ohio  river  between  Pittsburgh  and  Wheeling,  a  distance  of  one 
hundred  miles.  Citizens  spoke  at  length  on  the  necessity  of  the 
bridge.  The  primitive  ferries,  whose  service  was  continually  in¬ 
terrupted  by  severe  weather  and  often  abandoned  for  days  at 
a  time,  made  the  river  almost  an  impregnable  barrier  to  any 
sort  of  exchange  between  the  inhabitants  along  its  banks.  The 
Ohio  river  practically  divided  the  county,  without  means  of  com¬ 
munication,  and  there  was  a  resulting  financial  loss  and  a  de¬ 
preciation  of  property  on  both  sides  of  the  river.  It  was  also 
shown  at  this  time  that  it  was  within  the  power  of  the  county 
commissioners  to  erect  such  a  bridge  under  an  Act  of  Assembly 
passed  in  1891.  A  committee  of  fifteen  members  to  put  the 
matter  in  proper  shape  to  present  to  the  court  was  authorized 
at  this  meeting.  The  meeting  then  adjourned  to  meet  at  the  call 
of  the  chairman. 

The  adjourned  meeting  was  held  December  8,  1894,  and 
the  scope  of  the  project  was  enlarged  by  the  appointment  of 
other  committees,  as  follows :  General  Committee,  Executive 
Committee,  Committee  on  Statistics,  and  Committee  on  Ways 
and  Means.  The  general  committee  was  enlarged  by  the  ap- 

Presented  before  the  Structural  Section  September  3,  and  published  in 
the  October,  1912,  Proceedings. 

^Deputy  County  Engineer,  Court  House,  Pittsburgh. 
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pointment  of  members  from  the  south  shore  and  Neville  Island. 
The  law  on  the  subject  of  the  erection  of  free  bridges  at  the  ex¬ 
pense  of  the  county  was  discussed  and  signed  petitions  handed 
in.  The  law  under  which  the  county  was  asked  to  proceed  is 
as  follows : 

“That  whenever  any  city  and  borough  of  this  Common¬ 
wealth  are  separated  by  a  river,  creek,  or  rivulet,  the  Court  of 
Quarter  Sessions  of  the  county  in  which  said  city  and  borough 
are  situate,  upon  petition  thereto,  of  not  less  than  twenty-five 
resident  taxpayers  of  said  county,  representing  that  the  erection 
of  a  bridge  or  culvert  over  such  a  river,  creek  or  rivulet  is  nec¬ 
essary  for  the  accommodation  and  convenience  of  the  public 
travel,  and  praying  that  the  county  shall  erect  a  bridge  or  cul¬ 
vert  over  such  river,  creek,  or  rivulet,  and  between  such  city  and 
borough,  shall  appoint  five  resident  tax-payers  of  such  county, 
one  of  whom  shall  be  a  civil  engineer  or  surveyor,  none  of  which 
viewers  shall  reside  on  or  own  real  estate  within  five  miles  of  the 
site  of  the  proposed  bridge  or  culvert,  to  view  the  locality  sug¬ 
gested  in  said  petition  for  a  bridge  or  culvert  and  to  make  a 
report  of  their  proceedings  to  the  said  Court  at  the  next  term 
thereof.  ’ 9 

Subsequent  meetings  were  held  December  29,  1894  and  Jan¬ 
uary  3rd,  10th  and  17th,  1895.  The  preliminary  work  being 
completed,  the  reports  of  the  various  committees  were  read  and 
approved. 

A  petition  was  duly  presented  to  Hon.  J.  W.  F.  White, 
Judge  of  the  Court  of  Common  Pleas  No.  2,  asking  that  a  bridge 
be  erected  from  the  foot  of  Chestnut  St.,  Sewickley,  to  Lashell ’s 
Ferry  in  Moon  township,  and,  if  it  be  found  that  the  bridge  will 
cost  more  than  Sewickley  borough  and  Moon  township  should 
bear,  that  the  bridge  shall  be  erected  at  the  expense  of  the  coun¬ 
ty.  The  Court  thereupon  appointed  Charles  Davis,  County  En¬ 
gineer,  H.  S.  A.  Stewart,  and  George  Y.  McKee  viewers  in  the 
matter.  The  petition  named  thirty-three  townships  and  bor¬ 
oughs,  with  a  population  of  52  034  and  assessed  valuation  of 
$36  162  000,  which  would  be  benefited  by  the  bridge.  The  view¬ 
ers  met  July  16,  1895  on  the  premises.  There  they  carefully 
went  over  the  ground  and  heard  the  arguments  of  the  citizens- 
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interested.  The  board  adjourned  to  meet  July  23,  1895,  at 
which  meeting  further  evidence  was  presented  showing  the  ne¬ 
cessity  of  the  bridge.  The  evidence  showed  that  for  several 
months  during  the  year  the  river  was  impassable  owing  to  high 
water,  running  ice,  or  a  disabled  ferry  and  that  a  large  amount 
of  trade  that  would  come  to  Sewickley  was  diverted.  Produce 
grown  on  the  south  side  of  the  river  was  marketed  in  Pitts¬ 
burgh  for  lack  of  means  of  crossing  the  river.  On  September 
7,  1895  the  viewers  filed  an  adverse  report  in  which  they  stated 
that  they  had  viewed  the  premises  and  were  of  the  opinion  that 
said  bridge  is  not  necessary  at  present  for  the  following  reasons : 

That  intercourse  between  the  points  named,  and  the  popu¬ 
lation  that  would  be  benefited  by  a  bridge  over  the  Ohio  river 
thereat,  is  not  such  as  to  warrant  the  county  in  making  the  ex¬ 
penditure  that  would  be  required  in  erecting  and  maintaining 
such  a  bridge. 

In  1906  a  new  petition  was  circulated  citing  the  same  facts 
and  the  urgent  necessity  as  set  forth  in  the  unsuccessful  pro¬ 
ceeding  and  was  duly  presented  in  the  Court  of  Quarter  Sessions 
of  Allegheny  County  on  November  12,  1906,  at  No.  6  Septem¬ 
ber  term. 

The  Court  appointed  Charles  Davis,  County  Engineer, 
George  D.  Riddle,  and  William  T.  Tredway  viewers  in  the  mat¬ 
ter.  December  8,  1906  they  submitted  their  report  to  the  Court. 
They  reported  as  follows :  ‘ 4  That  having  met  at  the  site  of  the 
proposed  bridge  on  November  23,  1906,  pursuant  to  legal  no¬ 
tice,  all  the  viewers  being  present  and  being  severally  sworn  ac¬ 
cording  to  law,  we  viewed  the  site  described  for  a  bridge  and 
parts  of  the  country  adjacent  thereto  and  thereafter  publicly 
heard  all  parties  appearing  before  us  and  desiring  to  be  heard 
upon  said  matter,  and  after  due  consideration  and  diligent  in¬ 
quiry  as  to  the  necessity  for  said  bridge,  we  find  that  it  is  ne¬ 
cessary  and  that  the  erection  of  such  a  bridge  would  be  attend¬ 
ed  with  more  expense  than  it  is  reasonable  for  the  said  township 
of  Moon  and  the  borough  of  Sewickley  to  bear.” 

The  Court  confirmed  the  viewers’  report  on  the  same  day, 
and  on  December  17th  it  was  approved  by  the  Grand  Jury.  The 
County  Commissioners  were  now  authorized  to  construct  the 
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bridge  if  they  thought  it  expedient.  April  10,  1908,  the  Coun¬ 
ty  Commissioners,  Messrs.  Charles  B.  Price,  Chairman,  I.  K. 
Campbell,  and  J.  C.  Clark  adopted  a  resolution  authorizing  the 
County  Engineer,  J.  G.  Chalfant,  to  prepare  final  plans  for  the 
letting  of  the  work. 

The  work  was  advertised  June  11,  1909  by  the  County 
Controller,  R.  J.  Cunningham,  bids  to  be  opened  July  1,  1909. 
On  July  2,  1909  a  contract  was  made  between  the  County  Com¬ 
missioners,  representing  Allegheny  County,  and  the  Fort  Pitt 
Bridge  Works  of  Pittsburgh,  of  Pittsburgh,  Pa.,  for  the  super¬ 
structure;  and  on  July  6,  1909,  with  Adam  Laidlaw  Company 
for  the  sub-structure  and  approaches. 

The  ceremonial  breaking  of  the  ground  was  celebrated  by 
Sewickley  and  Coraopolis  officials  July  21,  1909  and  the  con¬ 
tractor  started  the  actual  work  the  following  day. 

General  Design :  The  Act  of  Congress,  approved  December 
17,  1872,  entitled  “An  Act  to  Authorize  the  Construction  of 
Bridges  Across  The  Ohio  River  and  to  Prescribe  the  Dimens¬ 
ions  of  the  same,”  as  amended  by  Act  of  Congress,  approved 
February  14,  1883,  requires:  First:  That  every  bridge  erected 
across  the  Ohio  river  shall  have  its  axis  at  right  angles  to  the 
current  at  low  stage ,  and  all  of  its  spans  shall  be  through  spans. 
Second:  Every  such  bridge  shall  have  at  least  one  channel  span 
placed  over  that  part  of  the  river  usually  run  by  descending 
coal  fleets,  such  channel  span  to  give  a  clear  water-wag ,  between 
piers,  of  five  hundred  feet,  measured  on  the  low  water  line. 
Third:  Such  channel  span  shall  be  at  least  forty  feet  above  local 
highest  water,  measured  at  the  lowest  part  of  the  span  and  shall 
be  at  least  ninety  feet  above  low  water.” 

Previous  rulings  by  the  War  Department  made  it  probable 
that  a  span  much  in  excess  of  500  ft.  would  be  required  and  this 
consideration  and  the  stipulation  of  the  government  engineers 
that  no  falsework  be  placed  in  the  river  practically  determined 
that  the  bridge  should  be  of  the  suspension  or  cantilever  type. 
The  anchorage  of  a  suspension  bridge  offered  such  an  obstruc¬ 
tion  to  the  future  development  of  the  land  adjacent  to  the 
tracks  of  the  P.  &  L.  E.  R.  R.,  entailing  heavy  damage  suits  and 
delay,  that  this  type  of  structure  was  abandoned  and  a  canti- 
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lever  bridge  decided  upon,  the  disposition  of  the  masonry  of  the 
latter  forming  no  serious  barrier  to  any  improvement  that  might 
be  made  in  the  future. 

The  plans  submitted  with  the  application,  made  May  1,  1907, 
to  the  Secretary  of  War  for  permission  to  construct  the  bridge 
consisted  of :  First :  A  complete  map  of  the  location,  showing  the 
topography  of  the  banks  of  the  river  and  the  shore  lines  at  high 
and  low  water  for  one  mile  above  and  below  the  proposed  loca¬ 
tion;  also  giving,  for  a  distance  of  one-half  mile  above  the  line 
of  the  proposed  bridge  and  a  quarter  of  a  mile  below,  an  ac¬ 
curate  representation  of  the  bottom  of  the  river  by  contour  lines 
at  vertical  intervals  of  two  feet,  determined  by  accurate  sound¬ 
ings,  and  also  showing  over  the  whole  width  of  this  part  of  the 
river  the  force  and  direction  of  the  currents,  at  9.2  ft.  stage,  as 
determined  by  triangulated  observations  on  suitable  floats.  Sec¬ 
ond  :  The  plan  submitted  with  the  viewers’  report  to  the  Court 
of  Quarter  Sessions  of  Allegheny  County,  which  showed  the 
general  outlines  of  the  structure,  the  length  of  spans,  with  grades 
and  clearances,  and  the  rights  of  way  to  be  acquired  for  the 
approaches. 

On  June  28,  1907,  a  public  hearing  was  held  by  the  Board 
of  Officers  of  the  Corps  of  Engineers,  when  all  interested  might 
be  heard.  The  Board  met  in  Pittsburgh  and  later  visited  the 
site.  On  January  7,  1908,  the  report  of  the  Board  of  Engineer 
Officers  was  forwarded  to  Washington  with  the  recommendation 
that  a  permit  be  granted  for  the  building  of  the  bridge,  under 
the  condition  that  the  channel  span  of  the  bridge  be  shifted  fifty 
feet  toward  the  right  hand  (Sewickley)  shore,  with  a  width  of 
750  feet  center  to  center  of  piers.  February  6,  1908,  formal 
approval  of  the  design  and  location  was  received  from  the  War 
Department.  The  final  outline  of  the  structure  deviated  some¬ 
what  from  the  plan  submitted  to  the  War  Department  in  that 
the  anchor  arms  were  increased  from  250  to  300  ft.  and  the 
lengths  of  the  approach  spans  changed.  These-  changes  were 
not  considered  material  by  the  War  Department  as  they  did  not 
directly  affect  the  river  interests.  The  plan  was  accepted  in  its 
modified  state. 


618  PROCEEDINGS  ENGINEERS ,  SOCIETY  WESTERN  PENNA. 

Surveys:  Sufficient  surveys  were  made  during  the  spring 
and  summer  of  1906  to  show  adequately  the  immediate  sur¬ 
roundings  of  the  site  called  for  in  the  petition  and  sufficient 
triangulation  was  made  to  determine  the  several  span  lengths 
and  grades  when  the  center  line  should  be  definitely  fixed  by  the 
viewers.  The  viewers,  one  of  whom  was  the  County  Engineer, 
definitely  fixed  the  location  of  the  center  line  in  their  report. 
During  June,  1909,  the  center  line  was  monumented  on  both 
sides  of  the  river  and  a  careful  triangulation  system  inaugurated. 
A  detailed  description  may  be  interesting.  Two  permanent 
points,  see  Fig.  1,  were  set  on  the  center  line  on  the  Sewickley 
side  of  the  river,  one  near  the  bank  and  one  near  Chadwick  Ave. ; 
three  were  set  on  the  P.  &  L.  E.  side;  one  outside  the  north¬ 
bound  passenger  track  of  the  railroad;  one  at  the  side  of  the 
county  road,  and  one  on  a  steep  hillside  beyond  and  above  the 
road,  the  latter  to  be  used  for  line  only  and  not  for  triangulation 
purposes.  The  last  point  had  erected  upon  it  a  permanent 
sight  which  was  very  convenient,  especially  when  the  lower 
points  were  obstructed  during  erection  of  piers  and  superstruc¬ 
ture.  These  monuments  consisted  of  6  in.  by  8  in.  timber  about 
six  feet  in  length,  set  with  its  top  flush  with  the  ground  and 
thoroughly  tamped.  The  filling  for  about  18  in.  from  the  top 
was  made  with  concrete.  The  line  was  defined  with  a  punch 
mark  on  a  railroad  spike  driven  into  the  top  of  each  post. 

The  points  D  and  B  were  set  so  that  an  unobstructed  line 
was  available  both  up  and  down  the  river.  Points  C  and  K  were 
existing  triangulation  points  set  by  the  United  States  Engi¬ 
neer's  Office.  The  lines  B  —  G  and  D  —  K  were  then  care¬ 
fully  measured  with  a  steel  tape  which  was  compared  with  the 
bridge  company’s  standard  under  the  conditions  corresponding 
with  those  to  be  met  in  the  field.  Stakes  two  inches  square  were 
driven  on  line  approximately  100  ft.  apart  and  an  intermediate 
stake,  supporting  the  tape  at  the  center,  was  driven  at  the  mean 
elevation  of  the  two  ends.  Measurements  were  then  made  on 
the  slope  from  pin  to  pin,  between  brads  driven  in  their  tops, 
with  a  tension  of  15  pounds,  determined  with  a  spring  balance. 
Each  individual  measurement  was  repeated  to  eliminate  erron¬ 
eous  readings  and  a  mean  taken.  At  the  same  time  a  reading 
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of  the  temperature  was  recorded.  The  lines  were  measured 
four  times  in  different  directions,  each  time  the  observers  chang¬ 
ing  places.  The  base  line  D  —  K ,  thus  measured,  gave  the  great¬ 
est  variation  from  the  mean  of  1  in  80  000,  and  the  line  B  —  C, 
similarly  measured,  gave  a  variation  of  1  in  192  000  approxi¬ 
mately.  This  line  was  measured  in  the  evening  when  the 
temperature  ranged  from  79  to  73  deg.  Fahr.  The  line  D  —  K 
was  shaded  almost  its  entire  length  and  could  be  measured  dur¬ 
ing  the  heat  of  the  day.  The  measured  lengths  were  then  cor¬ 
rected  for  temperature  and  reduced  to  a  horizontal  measure¬ 
ment.  The  three  angles  of  each  triangle  having  the  common 
side  B  —  D  were  measured  with  an  eight  inch  triangulation 
transit  reading  directly  to  10  seconds  of  arc  and  estimated  to 
five  seconds.  Each  angle  was  repeated  ten  times  and  the  tri¬ 
angle  closed  within  one  second  and  two  seconds.  The  distance 
B  —  D,  as  determined  by  the  upper  triangulation  was  1304.225 
ft.  and  by  the  lower,  1304.208  ft.,  a  variation  of  0.017  ft.  or  1 
in  77  000. 

As  the  United  States  Board  of  Engineers’  in  their  report, 
had  fixed  the  main  pier  150  ft.  from  the  United  States  Engi¬ 
neers’  monument  No.  120  on  the  Sewickley  bank,  the  position 
of  the  piers  and  pedestals  were  all  fixed  in  position  as  soon  as 
the  short  distance  B  —  C  was  measured.  All  points  were  refer¬ 
red  to  rectangular  axes,  the  center  line  of  the  bridge  becoming 
the  axis  O  —  Y,  the  origin  being  so  chosen  that  there  were  no 
negative  ordinates  and  the  abcissa  being  plus  or  minus. 

It  was  possible  to  locate  Pier  No.  3  by  a  single  measurement 
less  than  100  ft.  from  a  pin  on  the  Sewickley  bank.  Pier  No.  2, 
however,  was  so  far  out  in  the  stream  that  a  secondary  trian¬ 
gulation  was  used  to  determine  its  location.  A  point  was  es¬ 
tablished  on  a  platform  supported  on  piles,  this  point  being  on 
the  longitudinal  axis  of  the  pier  and  100  ft.  distant  from  the 
center  line  of  bridge.  The  piers  were  carried  up  by  locating 
the  center  point  by  two  intersecting  lines,  orienting  the  transit 
over  this  point  and  turning  90  deg.  to  fix  the  transverse  axes 
at  the  noses.  The  outline  of  the  next  course  was  then  actually 
laid  out  on  the  course  below.  At  the  time  of  checking  the 
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lines,  the  levels  were  also  checked  and  the  work  so  carried  on 
that  each  course  was  brought  to  its  proper  height. 

No  single  direct  check  measurement  was  ever  made  between 

the  two  main  piers.  Arrangements  were  made  to  do  this,  but 

when  the  erection  condition  would  permit,  the  prevailing  wind 

was  so  constant  that  any  measurement  made  would  have  been 

•/ 

worthless. 

During  the  time  of  construction,  various  angles  were  meas¬ 
ured  within  lines  connecting  various  fixed  points  of  the  work 
and  in  no  instances  were  there  any  great  deviations  between  the 
measured  and  calculated  values.  As  many  of  these  measure¬ 
ments  included  the  distance  between  the  channel  piers  as  con¬ 
structed,  little  apprehension  was  felt  regarding  the  correctness 
of  their  position. 

A  direct  measurement  was  made  later,  however,  when  the 
superstructure  had  been  erected  to  point  L22  on  the  north  side 
and  .£/] 5  on  the  south  side,  leaving  an  opening  of  approximately 
225  ft.  The  direct  measurement  gave  225.058  feet.  This  dist¬ 
ance  was  then  reproduced  at  the  same  temperature  on  the 
ground,  using  the  same  elevations  at  the  end  supports  and  same 
tension  to  eliminate  the  sag.  The  length  of  opening  then  reduced 
to  a  horizontal  measurement  was  224.929  ft.  and  the  nominal 
opening  corrected  for  temperature  was  224.982,  or  a  variation  of 
0.003  of  a  foot. 

General  Description :  The  specifications  and  contract  draw¬ 
ings  were  prepared  under  the  direction  of  J.  G.  Chalfant,  Coun¬ 
ty  Engineer.  The  specifications  for  both  the  superstructure 
and  substructure  were  special  for  this  bridge  and  differed  from 
those  adopted  for  the  smaller  county  structures.  The  field  work 
was  in  charge  of  A.  I).  Nutter,  to  whom  part  credit  is  due  for 
the  preparation  of  this  paper. 

The  structure  as  built  consists  of  six  approach  spans,  two 
anchor  and  two  cantilever  arms  and  one  suspended  span,  the 
bridge  being  symmetrical  between  the  anchorages.  See  Fig.  2. 
The  south  approach  consists  of  two  end  •spans,  each  75  ft.  2  in. 
center  to  center  of  end  bearings,  and  one  center  span  118  ft.  9 
in.  center  fo  center  of  end  bearings,  the  latter  crossing  the 
tracks  of  the  P.  &  L.  E.  R.  R.  The  north  approach  consists  of 
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three  like  spans,  each  75  ft.  2  in.  center  to  center  of  end  bear¬ 
ings,  the  extreme  end  span  crossing  Chadwick  Ave.,  in  Sewickley 
borough.  The  anchor  arms  are  300  ft.  in  length  and  the  canti¬ 
lever  arms  are  200  ft.  in  length  and  carry  a  suspended  span  350 
ft.  in  length,  giving  a  distance  of  750  ft.  center  to  center  of 
channel  piers,  and  1350  ft.  center  to  center  of  anchorage  piers. 
The  distance  center  to  center  of  end  bearings  of  the  extreme  ap¬ 
proach  spans  is  1852  ft.  7  in. 

i 

The  trusses  throughout  the  entire  bridge  are  spaced  32  ft. 
center  to  center  and  carry  two  sidewalks  on  the  outside.  The 
roadway,  having  a  clear  width  between  guard  angles  of  28  ft., 
is  of  the  solid  floor  type,  consisting  of  creosoted  wood  block  laid 
on  sand  and  cinder  concrete,  carried  on  buckle  plates,  which,  in 
turn,  are  carried  by  the  stringers,  framing  into  the  floor  beams. 
The  sidewalks  are  of  reinforced  concrete  construction,  carried 
on  stringers  and  brackets  and  have  a  width  of  7  ft.  9  in.  be¬ 
tween  centers  of  trusses  and  railing.  The  steel  handrailing,  sup¬ 
ported  by  newel  posts  at  each  panel  point,  is  carried  through 
to  the  end  of  the  wing  walls  on  the  approaches. 

The  substructure  consists  of  two  concrete  abutments,  eight 
concrete  pedestals  carrying  four  steel  bents  to  support  the  ap¬ 
proach  spans  and  two  anchorage  and  two  channel  piers  composed 
of  sand-stone  masonry  backed  'with  concrete.  The  approaches 
at  both  ends  are  paved  with  brick  and  the  North  approach  has 
two  cement  sidewalks. 

The  Ohio  river  bridge  laws  require  a  clearance  of  90  ft. 
above  low  water  or  50  ft.  above  high  water  for  a  distance  of  at 
least  500  ft.  To  fulfill  these  requirements  an  ascending  grade 
of  three  percent  was  necessary  on  each  approach  and  anchor  arm 
to  the  main  piers  No.  2  and  3.  In  the  three  panels  beyond  these 
piers,  the  grade  line  changes  by  a  vertical  curve  of  0.8  percent. 
The  0.8  percent  grade  extends  to  panel  point  21  where  another 
vertical  curve  is  used  to  reach  panel  point  23  or  the  center  of 
the  bridge.  The  lower  chord  points  are  practically  parallel  xo 
the  grade  line. 

"While  the  bridge  was  designed  to  carry  street  car  traffic 
the  rails  were  not  included  in  the  original  contract.  During 
the  construction  it  was  decided  to  lay  the  rails  and  a  supple- 
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mental  contract  was  awarded.  The  county  owns  the  tracks  and 
charges  a  rental  for  their  use.  As  the  width  of  the  roadway  was 
not  sufficient  for  four  lines  of  travel,  but  ample  for  three,  the 
tracks  w^ere  placed  next  the  trusses,  leaving  a  clear  roadway  in 
the  center.  » 

The  weight  of  the  superstructure,  exclusive  of  street  car 
rails,  is  approximately  10  415  000  lbs.,  proportioned  between 
the  spans  as  follows:  . 


Shapes  & 

Buckle 

Plates 

Eyebars 

Plates 

Total 

Anchorages  . 

72  646 

20  600 

None 

93  246 

Approach  Spans  . 

. . .  1  029  704 

None 

210  475 

1  240  179 

Anchor  Arms  &  Towers.... 

..  3  717  741 

464  560 

247  965 

4  430  266 

Cantilever  Arms  . 

..  1  849  693 

533  150 

162  725 

2  545  568 

Suspended  Span . 

. .  1  454  230 

204  405 

146  445 

1  805  080 

10  114  339 

Railing  .  300  461 


Total 


10  414  800  lbs. 


The  cubic  yards  of  masonry  in  the  substructure  are  divided 
as  follows: 


Concrete 


North  Abutment  .  1  377 

South  Abutment  .  1  217 

Bent  No.  1  57 

Bent  No.  2  171 

Bent  No.  3  .  48 

Bent  No.  4  .  36 

Pier  No.  1  . 

Pier  No.  2  . 

Pier  No.  3  . 

Pier  No.  4  . 


2  906 

Total  Cu.  Yds . 


Concrete  Stone  &  Con- 
Foundations  Crete  Masonry  Total 

.  .  1  377 

.  .  1 217 

.  57 

.  171 

.  48 

.  36 


931 

1  272 

2  203 

1  768 

2  229 

3  997 

1  481 

2  229 

3  710 

271 

453 

724 

4  451 

6  183 

13  540 


Substructure :  The  abutments  and  pedestals  were  of  concrete 
without  stone  facing.  Sandstone  was  used  for  the  bridge  seats 
on  the  abutments  and  for  the  pedestal  caps.  As  this  masonry 
was  all  located  on  dry  ground,  no  difficulties  were  encountered 
in  the  erection.  Horizontal  reinforcing  rods  were  placed  in  the 
corners  of  both  abutments,  and  a  reinforced  concrete  stairway 
was  erected  on  the  east  side  of  the  north  abutment. 

Two  borings  were  made  for  Pier  No.  1,  and  four  each  for 
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Piers  Xos.  2  and  3.  These  borings  found  solid  rock  at  Eleva¬ 
tion  653.5  for  Pier  No.  1,  649.0  for  Pier  Xo.  2,  and  653.9  for 
Pier  Xo.  3. 

All  piers  were  faced  with  sandstone,  the  core  being  a  gravel 
concrete.  The  stone  specified  and  used  was  Beaver  Valley 
sandstone  or  equal;  that  contained  in  Piers  1,  2,  and  4  being 
quarried  at  Wampum,  Pa.,  and  the  remainder  coming  from 
Morgantown,  W.  Ya.  The  core  or  backing  consisted  of  a 
1  :  3  : 5  gravel  concrete.  The  sand  and  gravel  were  obtained 
from  the  river  at  the  bridge  site  and  consisted  of  pebbles  vary¬ 
ing  between  %  of  an  inch  to  two  inches  and  not  containing  any 
pebbles  measuring  more  than  two  inches  in  greatest  diameter.  The 
oacking  was  placed  as  soon  as  the  face  stones  were  set  in  place, 
completing  a  course.  A  wet  mixture  was  used,  thoroughly  forced 
into  all  crevices,  leaving  no  voids.  When  the  backing  was  set 
sufficiently  for  the  masons  to  work  upon,  the  stone  of  the  next 
course  was  laid,  no  pinning  up  of  the  face  stones  being  per¬ 
mitted.  See  Fig.  3. 

In  the  excavation  for  Pier  Xo.  1,  blasting  was  necessary 
at  Elevation  663.0  to  remove  the  material,  consisting  of  a  very 
hard  shale.  This  material  was  excavated  to  Elevation  657.7  and 
the  concrete  laid  in  the  dry  to  Elevation  678.0.  The  water  in  the 
excavation  was  of  no  great  volume  and  was  adequately  taken 
care  of  by  one  three  inch  Emerson  siphon.  The  grillage  beams 
and  anchor  girders  were  embedded  in  the  concrete  core  of  the 
pier  shaft. 

Pier  Xo.  4,  like  the  abutments,  constructed  entirely  on  dry 
ground,  gave  no  difficulties.  The  material  excavated  in  its 
foundation  was  a  very  dense  clay  and  gravel.  The  excavation 
was  carried  to  Elevation  706.4  and  the  concrete  foundation  laid 
to  elevation  717.8.  The  grillage  beams  and  anchor  girders 
were  embedded  in  the  concrete  foundation,  to  bring  the  an¬ 
chorage  the  same  distance  from  the  top  as  in  Pier  Xo.  1.  In 
both  piers  a  well  was  left  about  the  anchor  bars  and  their  pins 
to  allow  for  free  movement  of  the  bars  until  they  should  receive 
their  maximum  stress,  a  point  which  will  be  considered  under 
the  superstructure.  The  anchor  tie  consisted  of  two  links, 
necessitating  a  middle  pin.  About  this  pin  a  chamber  or  en- 


626  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 


largement  of  the  well  was  left  of  sufficient  size  to  permit  work¬ 
men  to  drive  the  pin  when  the  upper  bars  were  placed.  Aside 
from  the  anchor  bar  wells,  the  piers  were  solid  throughout.  The 
anchorage  wells  in  these  piers  were  filled  with  concrete  after 
the  final  adjustment  of  the  eccentrics. 


Fig.  4.  Pier  No.  3  Nearing  Completion. 


The  placing  of  the  foundations  for  the  two  river  piers  was 
the  greatest  obstacle  for  the  contractor  to  overcome.  The  speci¬ 
fications  required  that  these  piers  should  be  founded  on  rock 
and  the  contractor  decided  upon  the  open  Caisson  construction. 
Pier  No.  2  was  excavated  to  a  mean  elevation  of  651.4  and  Pier 
No.  3  to  a  mean  elevation  of  653.5,  making  the  depths  below 
pool  full  of  33.0  ft.  and  30.9  ft.  respectively.  At  Piers  Nos.  2 
and  3  there  was  14  ft.  and  six  feet  of  water  respectively,  the 
remainder  being  sand  and  gravel  covered  with  a  thin  layer 
of  silt. 

Pier  No.  3,  the  river  pier  of  least  depth,  was  constructed 
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first.  The  sand  and  gravel  was  excavated  to  rock  by  a  dipper 
dredge  of  standard  type,  to  a  line  six  feet  outside  the  outer  line 
of  the  coffer-dam,  wdth  the  necessary  slopes,  and  the  material 
removed  in  dump  scows.  The  coffer-dam  used  in  constructing 
the  foundations  was  76  ft.  long,  28  ft.  wide,  and  40  ft.  deep, 
or  two  feet  wider  and  five  feet  longer  than  the  extreme  dimen¬ 
sions  of  the  foundation  masonry,  to  provide  room  for  construct¬ 
ing  the  forms  for  the  concrete  masonry  and  a  well  hole  for  the 
pumps.  Fig.  4  shows  Pier  No.  3  nearing  completion. 

The  inner  frame  of  the  coffer-dam  was  built  of  a  series  of 
rings,  the  spacing  varying  from  two  feet  at  the  bottom  to  five 
feet  at  the  top.  See  Fig.  No.  3..  These  rings  were  built  of  12 
in.  by  12  in.  yellow  pine,  having  nine  intermediate  cross  struts 
and  one  longitudinal  strut,  all  12  in.  by  12  in.  yellow  pine, 
dividing  the  coffer-dam  into  twenty  areas  or  pockets.  A  whaling 
piece  was  used  on  the  outside,  all  being  firmly  bolted  together. 
The  first  three  rings  were  framed  on  shore  and  then  floated  to 
place  and  held  by  six  posts  or  spuds  driven  to  rock.  These  posts 
were  placed  in  the  inside  and  held  in  place  by  an  iron  bridle 
bolted  to  each  frame.  Posts  of  the  proper  length  to  space  the 
rings  were  then  set  on  top  of  the  upper  frame.  As  the  ad¬ 
ditional  rings  were  built  the  coffer-dam  settled  by  its  own 
weight  and  when  within  two  feet  of  the  bottom  was  set  to  the 
proper  position  and  firmly  anchored  by  bolting  the  spuds  to  the 
top  frame  and  loading  with  about  ten  tons  of  stone.  Sheathing 
was  next  laid  on  the  outside  of  the  ringe.  This  consisted  of  8  in. 
by  12  in.  yellow  pine,  40  feet  in  length,  each  piece  having  strips 
3  in.  by  2  in.  and  2  in.  by  2  in.  spiked  to  it  to  form  adongue 
and  groove.  This  sheathing  was  set  in  place  by  a  diver  at  the 
bottom  and  held  in  place  at  the  top  by  a  ribbon  piece  bolted 
to  the  top  frame  and  was  driven  to  rock  by  a  2  500  pound  ham¬ 
mer  operated  from  a  derrick  boat. 

After  the  sheathing  was  in  place  the  coffer-dam  was  filled 
on  the  outside  with  puddle  clay,  obtained  from  the  vicinity  of 
Pier  No.  1,  to*a  height  of  six  feet  and  then  back  filled  to  the 
original  surface  of  the  river  bed  with  sand  and  gravel  taken 
from  the  other  foundations.  In  the  meantime  the  surface  of  the 
rock  on  the  inside  was  thoroughly  cleaned  off  with  a  clam  shell 
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dipper  operated  from  the  derrick  boat,  and  three  8-inch  centri¬ 
fugal  pumps  installed.  These  pumps  were  capable  of  lowering 
the  surface  of  the  water  25  feet.  A  10-inch  pump  was  set  on 
the  braces  10  ft.  below  pool  level  and  had  lowered  the  water  to 
within  2.50  ft.  of  the  bottom  when  the  main  shaft  on  the  10-inch 
pump  broke.  As  it  was  getting  late  in  the  season  and  the  re¬ 
pair  parts  could  not  be  obtained  under  two  weeks,  it  was 
thought  advisable  to  place  the  first  10  ft.  of  concrete  under 
water.  The  coffer-dam  was  allowed  to  fill  up  and  the  concrete 
was  placed  with  a  submarine  drop-bottom  bucket,  the  full  area 
inside  the  coffer-dam  being  filled.  After  the  concrete  had  been 
placed  and  set  for  24  hours,  the  coffer-dam  was  again  pumped 
out  and  the  remainder  of  the  foundation  placed  inside  of  forms 
to  the  level  of  the  stone  work.  One  8-inch  pump,  working  three 
hours  per  day,  was  sufficient  to  keep  the  coffer-dam  dry.  As 
the  concrete  and  stone  masonry  was  brought  up,  the  inside 
bracing  was  removed  and,  after  the  pier  was  carried  above 
pool  level,  the  remainder  of  the  coffer-dam  was  pulled. 

Pier  No.  2  was  not  started  until  the  following  spring,  1910. 
In  the  meantime  Pier  No.  3  was  closely  watched  for  settlement 
and  any  change  in  position.  It  proved  entirely  satisfactory  in 
these  respects  and  the  same  method  of  placing  the  foundations 
used  in  Pier  No.  3  was  used  in  Pier  No.  2. 

The  construction  and  prosecution  of  the  work  above  the 
foundations  on  the  river  piers  was  practically  the  same  as  on  the 
anchorage  piers,  except  that  they  were  solid  throughout.  Be¬ 
cause  of  their  greater  length  it  was  possible  to  start  a  course, 
before  the  next  one  below  was  entirely  finished  and  backed. 
The  method  of  carrying  these  piers  up  for  line  and  grade  was 
explained  under  surveying. 

The  height  of  these  piers  above  the  pool  full,  68.6  ft.,  made 
it  necessary  to  set  a  derrick  on  a  platform  to  set  the  upper 
courses.  At  Pier  No.  3  the  operating  engine  was  located  on 
the  bank;  at  Pier  No.  2,  on  the  same  platform  as  the  derrick. 

The  coping  and  the  next  two  courses  below  had  all  joints 
bonded  with  %  in.  by  1%  in-  steel  cramps,  20  in.  long  between 
shoulders  and  extending  six  inches  into  the  stone,  countersunk 
to  come  flush  with  the  top  of  the  stone  and  set  in  neat  cement 
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mortar.  The  cramps  in  the  coping  course  were  countersunk 
sufficiently  to  allow  in.  of  mortar-covering  for  the  steel,  fin¬ 
ishing  off  flush  with  the  upper  surface  of  the  stone  work. 

Each  tower  shoe  rests  on  an  8  ft.  bv  11  ft.  by  3  ft.  granite 
block,  for  ease  of  handling  and  setting,  this  block  was  cut  in 
half,  the  joint  being  parallel  to  the  center  line  of  bridge.  These 
stones  were  carried  out  over  the  floor  system  which  had  mean¬ 
while  been  erected  by  the  contractor  for  the  superstructure  to 
this  point.  With  a  wire  rope  sling  the  stone  was  readily  landed 
in  position  with  the  bridge  company’s  equipment. 

During  a  period  of  nine  months  the  piers  had  settled  uni¬ 
formly  approximately  three-quarters  of  an  inch. 

Superstructure:  The  floor  system  was  designed  to  carry 
a  live  load  of  (a)  100  lbs.  per  sq.  ft.  of  clear  roadway  and  foot- 
walk;  (b)  a  15  ton  roller;  (c)  a  5-ton  wagon;  (d)  two  50-ton 
street  cars — possible  combinations  of  the  above  loadings  being 
considered.  The  suspended  cantilever  and  anchor  spans  were 
designed  to  carry  1600  lb.  per  lineal  foot  of  truss;  and  the  ap¬ 
proach  spans  2  000  lb.  per  lineal  foot  of  truss.  A  wind  pres¬ 
sure  of  35  lb.  per  sq.  ft.  of  exposed  vertical  surface  on  both 
trusses,  the  structure  being  considered  as  unloaded,  was  used 
in  the  calculations. 

The  following  unit  stresses  were  assumed:  Axial  tension  on 
the  net  section,  24  000  and  12  000  lb.  per  sq.  in.  for  dead  and 
live  loads.  Tension  in  stringers  and  floor  beams.  12  000  lb.  per 
sq.  in.  for  both  dead  and  live  loads.  Hangers  and  members 
subject  to  sudden  loading.  20  000  lb.  per  sip  in.  and  8  000  lb. 
per  sq.  in.  for  dead  and  live  loads  respectively.  Axial  com¬ 
pression  for  chord  members,  24  000  —  80  —  and  12  000  —  40  — 

r  r 

for  dead  and  live  loads.  Intermediate  and  end  posts,  20  000  — 

90  —  and  10  000  —  45  —  for  dead  and  live  loads.  Lateral  and 
r  r 

rigid  bracing,  13  000  —  60  —  .  Bending  on  pins,  25  000  lb.  per 

sq.  in.  Bearing  on  pins,  22  000;  on  shop  rivets,  20  000  lb.  and 
on  expansion  rollers,  500  D.  Shearing  of  rivets,  10  000;  on  webs 
of  stringers  or  floor  beams,  5  000  per  sq.  in.  The  number  of 
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rivets  as  determined  by  the  unit  stresses  were  increased  or  de¬ 
creased  as  follows:  Shop  rivets  in  floor  system  and  field  rivets 
in  main  girders  or  trusses  increased  20  percent.  Field  rivets 
in  the  floor  system  increased  33  percent.  Lateral  and  sway 
bracing  rivets,  reduced  40  percent.  The  pressure  on  sandstone 
masonry  was  taken  as  500  lb.  per  sq.  in.  and  on  granite  1  000 
lb.  per  sq.  in.  Medium  steel  was  used  throughout,  with  the  ex¬ 
ception  of  the  eccentrics  at  L0  which  were  of  cast  steel.  Steel 
was  required  to  conform  to  the  following  chemical  require¬ 
ments  : 

Maximum  phosphorus  acid  percent  0.08 

basic  percent  0.04 

Sulphur  percent  0.05 

and  the  following  physical  tests : 

Ultimate  strength  lbs.  per  sq.  in.  66,000  +  4  000 

Elastic  limit  per  sq.  in.  (not  less  than)  35  000 

Minimum  elongation  percent  22 

Reduction  of  area  percent  44 

Character  of  fracture — silky,  uniform  color. 

Full  sized  tests  on  eyebars  were  required  to  develop  the 
following  : 

Ultimate  strength  in  lb.  per  sq.  in.  63  000  +  5  000 

Elastic  limit  lb.  per  sq.  in.  32  000  to  35  000 

Minimum  elongation  in  20  ft.  including  fracture — 

12  percent. 

Full  sized  eyebar  tests  were  made  as  recorded  in  Table 
No.  1. 

No  full  sized  compression  tests  were  made. 

Sub-punching  was  very  accurately  done  in  the  shop.  The 
stretch  in  angles,  due  to  punching  one  or  both  legs,  and  the 
pitch  and  thickness  of  material  were  all  considered  in  the  laying 
out.  The  specifications  made  the  following  requirements  in  re¬ 
gard  to  punching:  On  girder  work  tension  and  compression 
flanges  may  be  sub-punched  the  same  size.  The  sub-punching 
shall  be  in.  less  than  the  nominal  diameter  of  the  rivet  to 
permit  fitting  up  with  %  in.  and  %  in.  bolts  when  %  in.  and  % 
in.  rivets  are  used.  Tension  material  over  one  inch  in  thickness 
shall  be  punched  with  a  punch  having  a  diameter  in.  smaller 
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TABLE  NO.  1. — Continued 

RECORD  OF  EYE  BAR  TESTS. 

Specimen  and  Chemical  Tests. 


Melt 

Number 

Elastic 

Limit  per 
sq.  in. 

Ultimate 
Strength 
per  sq.  in. 

- 

Carbon 

% 

X 

3 

M 

O 

Q 

X 

I* 

bn 

V 

0Q 

0) 

r* 

H 

3 

b£ 

Sulphur 

% 

Elongation 

in  8  in.  % 

Reduction 

of  Area  % 

Character 

of 

Fracture 

Remarks 

1643 

38  430 

65  800 

0.29 

0.013 

0.43 

0.050 

Retest. 

1643 

38  430 

65  800 

0.29 

0.013 

0.43 

0.050 

Rejected 

2480 

37  950 

65  920 

0.33 

0.009 

0.46 

0.038 

7620 

3S  300 

66  800 

0.2S 

0.030 

0.43 

0.550 

1 

1659 

38  300 

64  660 

0.27 

0.028 

0.45 

0.043 

20  875 

38  850 

67  300 

0.26 

0.021 

0.52 

0.050 

1 

11  1S6 

39  100 

68  360 

0.29 

0.025 

0.48 

0.03S 

25 

50 

Silky 

10  290 

38  670 

66  900 

0.33 

0.015 

0.48 

0.042 

28 

52 

Silky 

than  the  nominal  diameter  of  the  rivet.  Each  plate  or  shape 
shall  then  be  reamed  separately  to  a  diameter  in  smaller  than 
the  nominal  diameter  of  the  rivet.  Final  reaming  shall  be  done 
after  the  various  pieces  are  assembled.  Only  lattice  bars  or 
angles  having  one  hole  in  each  end  or  each  end  and  middle 
shall  be  punched  full  size;  viz;  nominal  diameter  of  the  rivet 
plus  in. 

The  longest  rivets  driven  were  in  the  shoes  at  Ll0.  These 
rivets  were  one  inch  diameter  and  had  a  grip  of  ICH/i  in* 

The  width  of  bearing  at  pin  Z710  of  the  center  web  of 
U10  —  Ll0  was  6%  in.  where  7/8  in.  rivets  were  used.  No  trouble 
was  experienced  in  obtaining  good  rivets  in  the  shop.  The 
longest  field  rivets  occurred  in  the  lower  chord  splices,  reach¬ 
ing  a  maximum  length  of  grip  of  5T%,  in.  The  rivets  at  these 
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connections  passed  through  four  web  plates  and  three  splice 
plates  on  either  side,  making  ten  thicknesses  of  metal  and  eigh¬ 
teen  painted  surfaces.  Some  difficulty  was  experienced  here  in 
obtaining  tight  rivets  with  percussion  hammers.  A  pneumatic 
riveter,  of  the  horseshoe  type,  was  used  and  the  trouble  disap¬ 
peared.  A  question  might  be  raised  here  as  to  what  the  maxi¬ 
mum  grip  should  be  when  plates  are  piled,  when  they  are  only 
straightened  without  planing.  The  paint  on  the  adjacent  sur¬ 
faces  should  be  considered  also  and  should  be  made  as  thin  as 
possible  consistent  with  its  purpose. 

All  abutting  joints  in  compression  members  were  faced  for 
bearing  and  spliced  for  one  half  the  stress.  The  splices  in  the 
lower  chords  were  made  from  five  to  six  feet  from  the  main 
panel  points  and  in  the  member  Z710  —  L10  just  above  M10. 

The  top  chords  of  the  anchor  arm,  were  re-designed  as  a 
single  member  to  take  either  tension  or  compression,  the  eyebar 
tension  members  being  omitted.  See  Fig.  5.  Each  chord  piece 
had  full  pin  holes  at  either  end  and  the  webs  (there  being  only 
two)  framed  inside  and  then  outside  of  each  other  as  each  pin 
was  passed  in  succession.  The  chords  were  given  approximately 
the  same  width  on  top  and  bottom  by  using  a  wider  leg  angle 
on  those  members  framing  inside  than  was  used  on  those  fram¬ 
ing  outside.  This  construction  was  advantageous  in  reducing 
the  weight  of  the  members  themselves,  of  simplifying  the  details 
at  the  pins  and  affording  greater  ease  of  erection. 

All  pins  under  9%  in.  diameter  were  turned  solid  and  had 
chambered  nuts;  pins  of  9%  in.  diameter  and  over  had  1^2  in. 
holes  drilled  through  their  axes  to  receive  1^4  in.  bolts  with  nuts 
bearing  on  pressed  steel  discs  flanged  over  the  pins.  The  largest 
pin  was  at  L10,  with  a  diameter  of  14  in. 

A  special  feature  of  the  details  was  the  use  of  angle  lat¬ 
ticing  for  the  chords  having  four  angles  where  the  distance  be¬ 
tween  the  rivet  lines  prohibited  the  use  of  ordinary  flat  bar 
lacing.  The  angles  were  3  in.  by  3  in.  by  in.  on  the  suspended 
span  and  in.  by  3^4  in.  by  in.  on  the  anchor  and  canti¬ 
lever  arms;  flattened  at  their  ends  and  center,  and  they  were 
very  readilv  connected  to  each  other  at  their  centers  and  to  the 
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chord  angles.  Before  its  adoption  a  comparative  compression  test 
was  made  between  a  314  in.  by  3*4  in.  by  in.  angle  flattened  as 
above,  and  a  6  in.  channel  at  lO1/^  lb. ;  the  angle  column  failed 
at  47  050  lb.  and  the  channel  column  at  55  000  lb.  or  26  400  lb. 
and  17  800  lb.  per  sq.  in.,  respectively,  the  length  of  the  col¬ 
umn  being  the  same  in  each  case. 


Fig.  6.  Piers  Nos.  3  and  4.  Falsework  and  Traveler. 


Wind  loads  were  transferred  from  the  suspended  span  to 
the  cantilever  arm  through  guides  on  the  floor  beam  of  the  sus¬ 
pended  span,  this  guide  engaging  a  crosshead  to  which  diag¬ 
onals,  leading  to  next  lower  chord  main  panel  point,  were  pin 
connected.  See  Fig.  5.  These  wind  stresses  were  thus  applied 
to  the  lower  chord  and  were  transferred  to  the  piers  through 
the  chords  and  buckle  plate  floor  system. 

The  maximum  stress  in  the  anchorage  bars  is  maintained 
by  means  of  an  eccentric,  one  in  each  web  of  the  shoe.  The  bars 
reached  approximately  their  maximum  stress  under  erection 
conditions  with  the  traveler  at  its  extreme  outer  position  on  the 
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suspended  span.  When  the  bars  were  fully  elongated  the  ec¬ 
centrics  were  turned  with  a  spanner  wrench,  throwing  the  shoe 
down  to  a  bearing  against  the  masonry  and  thereby  holding  the 
stress  in  the  bars.  The  eccentrics  were  secured  against  further 
movement  by  tap  bolts  passed  through  the  spanner  holes  into 
the  shoes.  Reference  marks  were  used  to  show  the  successive 
movements  of  elongation  and,  when  these  had  become  zero,  levels 
were  run  from  L10  to  L0.  These  levels  showed  a  difference  of 
elevation  of  8.995  ft.,  the  difference,  as  determined  by  the  plans, 
was  9.000  ft.  giving  a  most  excellent  check  for  the  work  done 
in  the  determination  of  the  deflections. 

Erection :  The  erection  was  commenced  on  the  north  side. 
The  75  foot  approach  spans  were  assembled  and  riveted  on  the 
ground  and  then  landed  in  place  by  a  locomotive  crane.  Each 
truss  weighed  approximately  12  tons.  The  erection  of  the  chan¬ 
nel  span,  as  finally  carried  out,  was  somewhat  changed  from  the 
method  contemplated  by  the  County  Engineer.  The  structure 
was  designed  to  carry  a  creeper  traveler  after  the  towers  had 
been  erected,  but  the  Government  Engineers  later  permitted  the 
use  of  false-work  for  250  feet  into  the  river  from  either  pier; 
such  false-work  to  be  drawn  on  one  side  before  it  was  placed  on 
the  other.  Under  this  plan,  the  floor  system  was  first  placed 
with  a  locomotive  crane,  which  also  erected  the  false-work  bents 
as  it  advanced.  A  gantry  traveler  followed,  erecting  the  three 
truss  members.  After  passing  the  L10  point,  the  towers  were 
erected  and  it  then  proceeded  to  point  L1S.  After  erecting  the 
adjusting  device  and  the  creeper  traveler  the  gantry  traveler 
was  dismantled,  loaded  on  flat  boats  and  transported  to  the 
south  side.  The  creeper  carried  the  erection  out  to  L22  and  was 
then  removed  for  use  on  the  other  side.  Fig.  6  shows  Piers  No. 
3  and  4,  and  the  superstructure  erected  to  L1S  from  the  two  ends, 
and  the  false-work,  gantry  and  creeper  travelers  for  the  south 
cantilever  arm. 

The  erection  on  the  south  side  was  a  duplication  of  that  on 
the  north,  except  that  span  No.  2  over  the  tracks  of  the  P.  &  L. 
E.  R.  R.  was  landed  in  place  by  a  derrick  car  from  the  railroad 
tracks.  Each  truss  of  this  span  weighed  approximately  26  tons. 
As  the  erection  of  the  anchor  arm  was  finished  about  the  season 


Fig.  7.  Completed  structure — Looking  up-stream. 
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of  floods  in  the  Ohio  river,  provision  was  made  to  suspend  the 
traveler  from  the  anchor  arm.  No  high  water  of  consequence 
occurred  to  endanger  the  false-work  under  this  span  and  the 
precautionary  measures  were  not  used.  The  remainder  of  the 
work  was  carried  out  as  outlined  for  the  north  side. 

The  wedges  and  toggle  screws  were  so  adjusted  when 
erected  that  at  the  time  of  making  the  closure  only  a  slackening 
of  the  wedges  and  a  release  of  the  toggle  bars  would  be  neces¬ 
sary.  The  closure  was  very  rapidly  accomplished,  there  being 
no  interference  in  any  particular.  Fig.  7  shows  the  completed 
structure. 

The  formal  opening  of  the  bridge  took  place  September  19, 
1911,  and  was  participated  in  by  county  officials  and  the  citi- 
zens  of  Sewickley,  Coraopolis  and  vicinity. 

The  cost  of  the  bridge,  exclusive  of  engineering  and  in¬ 
spection,  was  as  follows : 

Substructure,  approach  filling  and  paving  $120  293.84 


Superstructure .  398  966.83 

Street  car  rails  (separate  contract)  ...  18  178.00 

Total .  $537  438.67 

DISCUSSION 


Mr.  H.  R.  Blickle-.*  Regarding  check  on  determination  of 
deflections  as  stated  by  the  author,  I  do  not  see  that  this  is  other 
than  a  check  on  setting  the  anchorage  as  at  the  time  these  ele¬ 
vations  were  taken  the  anchor  bars  were  acting  under  extreme 
erection  stresses  and  the  elevations  would  be  less  than  the  maxi¬ 
mum  for  completed  structure  with  suspended  and  cantilever 
arms  fully  loaded  and  anchor  arms  not  loaded. 

Mr.  T.  S.  White  :t  The  writer  of  the  paper  of  the  evening 
is  to  be  congratulated  on  the-  clear  and  full  statement  of  the 
principal  facts  concerning  the  Sewickley  Bridge.  It  is  certainly 
a  structure  of  which  all  concerned  in  its  designing  and  construc¬ 
tion  may  well  be  proud. 

Shortness  of  time  to  examine  the  paper  carefully,  and  the- 

*Chief  Engineer,  Fort  Pitt  Bridge  Works,  House  Bldg.,  Pittsburgh. 
tVice  President,  Penn  Bridge  Company,  Beaver  Falls,  Pa. 
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absence  of  sketches,  compels  me,  in  the  main,  to  confine  myself 
to  a  series  of  questions  on  points  concerning  which  I  think  ad¬ 
ditional  information  would  be  of  interest. 

Before  taking  these  up,  however,  I  would  congratulate  the 
county  authorities  as  well  as  the  contractors  on  the  fact  that  no 
clash  or  friction  of  any  kind  seem  to  have  arisen.  I  imagine 
that  this  was  due  largely  to  the  fact  that  in  cases  where  a  slight 
departure  from  the  letter  of  the  specifications  did  not  injure 
the  structure  and  was  of  importance  to  its  completion,  and  where 
a  strict  adherence  to  the  specifications  would  have  entailed  a 
burden  on  the  contractor,  such  strict  compliance  was  not  in¬ 
sisted  on.  I  believe  this  is  an  example  which  should  be  followed 
more  frequently. 

The  first  question  that  arises  in  my  mind  is  as  to  whether 
the  law,  governing  construction  of  such  bridges  is  quoted  freely 
enough.  The  paper  reads  “whenever  any  City  and  Borough 
*  *  *  are  separated,  etc.”  I  would  like  to  ask  how  this 

was  made  to  cover  the  case  in  point. 

The  paper  states  that  the  channel  span  was  shifted  fifty 
feet  toward  the  Sewickley  shore.  Do  we  understand  that  the 
span  was  not  lengthened  but  was  built  as  originally  intended, 
(seven  hundred  and  fifty  feet)  ? 

Again,  what  were  the  specifications  for  cement, — and  tests 
made  on  it? 

Does  the  author  of  the  paper  consider  a  joint  in  the  granite 
bridge  seat  under  the  center  of  the  shoe,  (as  I  understand  it) 
is  as  satisfactory  as  though  the  stone  was  in  one  solid  piece  ? 

Concerning  the  loading  of  the  superstructure,  what  com¬ 
bination  of  the  different  loads  were  considered,  and  how  far 
was  the  consideration  carried. 

% 

Was  there  no  difference  made  between  built  up  members 
and  solid  rolled  members  as  to  allowable  tensile  stresses  for 
stringers  and  floor  beams,  or  were  both  of  the  same  type,  and 
if  so  which  type? 

Are  there  any  field  rivets  in  lateral  systems?  If  so,  the 
amount  of  rivets  required  seems  lower  than  customary — why  so  ? 

An  account  of  the  method  employed  in  allowing  for  stretch 
in  angles  in  punching  would  be  interesting. 
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The  author  raises  a  question  as  to  the  maximum  length  of 
rivet  used  when  plates  are  piled  and  only  straightened,  not 
planed.  If  the  plates  are  not  too  light,  say  thickness  not  less 
than  1-24  of  width  and  carefully  straightened  and  so  that  no 
buckles  exist  in  them  I  believe  that  five  inches  in  grip  might 
well  be  used;  this  is  a  matter,  it  strikes  me,  that  is  just  about 
as  important  in  shop  riveting  provided  pneumatic  riveters  are 
used  in  both  places  (of  horse  shoe  type).  I  note  the  rivets  in 
shoes  had  10%  in.  grip.  "Were  the  parts  planed  before  as¬ 
sembling  ? 

Again,  as  to  pins,  how  many  and  what  were  the  different 
sizes  of  pins  used?  Of  course  a  dividing  line  had  to  be  taken 
some  place  in  turning  solid  and  boring  out  the  center;  why  was 
it  taken  at  9%  in.  ? 

Next,  in  comparative  tests  between  channels  and  the  angles 
intended  for  lacing,  were  the  struts  tested  of  the  full  size  and 
length  used  in  the  bridge  and  were  the  angle  struts  tested  flat¬ 
tened  at  the  center? 

How  was  the  load  applied  to  those  struts  and  how  were  the 
bearings  at  the  ends  arranged?  These  seem  to  be  very  inter¬ 
esting  tests  and  should  be  described  further.  I  take  it  that  the 
flattening  was  done  to  a  plane  at  an  angle  of  45  deg.  to  either  leg. 

Further,  an  illustration  of  the  method  of  transferring  wind 
stresses  from  suspended  span  to  the  cantilever  arms,  it  seems 
to  me,  is  essential  to  a  clear  understanding. 

Mr.  L.  F.  W.  Hildner  :*  Mr.  Covell  said  that  in  1894  there 
was  no  highway  bridge  over  the  Ohio  river  between  Pittsburgh 
and  Wheeling.  It  would  be  interesting  to  note  that  there  have 
been  several  other  bridges  built  since  1894  which  have  preceded 
the  Sewickley  Bridge.  I  know  of  three  at  least,  Rochester,  East 
Liverpool  and  Steubenville. 

Mr.  H.  R.  Buckle  :  There  are  two  at  East  Liverpool. 

Mr.  L.  F.  W.  Hildner:  Yes.  Until  the  Sewickley  Bridge 
was  built  there  was  no  highway  bridge  between  Rochester  and 
Pittsburgh,  a  distance  of  25  miles.  There  is  a  movement  on  foot 
I  believe  to  build  a  bridge  somewhere  in  the  lower  part  of  Alle¬ 
gheny.  I  do  not  know  how  strong  that  movement  is. 

♦Chief  Engineer,  Pittsburgh  Bridge  &  Iron  Works,  Pittsbugrh. 
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This  brings  me  to  ask  the  question  why  the  U.  S.  Govern¬ 
ment  limits  the  river  spans  to  through  spans.  As  I  understand, 
the  bridge  that  is  contemplated  will  go  from  hill  to  hill,  and  1 
do  not  see  why  a  deck  span  could  not  be  used  just  as  well  as 
through  span.  The  buckle  plate  floor  system  is  the  best  kind  of 
lateral  bracing  to  transmit  the  wind  stresses  from  the  suspended 
span  to  the  pier.  The  bridge  is  32  ft.  wide  and  you  have  prac¬ 
tically  a  solid  plate  running  out  to  the  suspended  span. 

There  is  one  point  that  I  believe  has  not  been  mentioned 
and  that  is  the  framing  of  the  chords.  I  wish  Mr.  Covell  would 
show  us  a  sketch  showing  the  webs  of  the  chords  one  inside  of 
the  other,  and  the  angles  of  the  chord,  where  the  webs  are  in¬ 
side,  larger  than  those  of  the  chord  with  web  outside,  in  order 
to  make  the  chords  eventually  look  the  same  from  below.  I 
would  also  like  to  see  a  sketch  of  the  latticing;  Mr.  White  also 
asked  about  that. 

Mr.  H.  J.  Lewis  :+  I  do  not  know  that  I  have  much  to 
offer  except  that  this  bridge  forms  somewhat  of  a  precedent  in 
western  Pennsylvania  as  a  free  bridge  of  large  dimensions.  It 
is  the  first  to  attack  the  Ohio  directly  as  a  free  bridge  and  it 
seems  to  have  produced  a  permanent  structure  that  will  be 
useful  for  a  considerable  term  of  years,  and  a  much  better 
structure  than  has  been  put  up  over  the  Ohio  River  previously 
for  highway  use  anywhere  in  Pennsylvania.  That  seems  to  me 
to  be  rather  important,  almost  of  more  importance  than  some 
of  the  details  we  have  been  discussing. 

Mr.  J.  A.  McEwen:*  I  did  not  have  an  opportunity  to 
study  the  paper.  There  are  a  few  things  in  connection  with  the 
superstructure  in  the  specifications  that  attracted  my  attention, 
and  they  are  not  out  of  the  ordinary,  either.  We  find  that  in 
making  tests  of  full  size  members  the  eyebars  are  usually  tested. 
I  do  not  know  why  we  do  not  have  some  tests  of  compression 
members.  An  eyebar  upset  ought  to  develop  practically  the 
tension  value  of  the  steel  and  it  seems  a  lot  unnecessary  expense 
to  make  a  great  number  of  tests  of  eyebars  and  not  the  more 

tConsulting  Engineer,  336  Fourth  Ave.,  Pittsburgh. 

♦Manager,  Pittsburgh  Bridge  &  Iron  Works,  Farmers  Bank  Building, 

Pittsburgh. 
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important  compression  members  where  there  is  very  much  more 
uncertainty.  If  the  members  are  too  large  for  the  testing  ma¬ 
chine,  reduced  models  could  be  made  and  tested,  or  larger 
machines  should  be  built.  The  failure  of  bridges,  more  particu¬ 
larly  the  Quebec  bridge,  was  due  to  failure  of  a  compression 

member.  I  would  like  very  much,  as  some  pthers  who  have 

/ 

spoken,  to  know  more  of  the  details  of  the  tests  of  the  lacing, 
angles,  and  channels,  just  how  these  tests  were  made.  With 
regard  to  the  unit  stresses  specified,  while  I  do  not  think  they  are 
much  out  of  the  ordinary,  I  noticed  that  Mr.  Covell  stated  that 
there  were  special  specifications  for  this  bridge.  The  unit  stresses 
that  are  specified  seem  to  me  to  be  unnecessarily  complicated  and 
some  question  would  arise  in  my  own  mind  as  to  the  application 
of  them.  I  think  as  a  rule  there  is  too  much  complication  of 
this  character  and  specifications  should  be  simplified.  The  dead 
load  unit  stresses  it  seems  to  me  are  too  high  at  24  000  lb.  It  is 
approaching  too  close  to  the  elastic  limit.  The  unit  stresses  for 
the  rivets  in  the  percentages  allowed  in  excess,  and  in  under- 
run,  are  too  great.  I  notice  another  thing  in  regard  to  the 
reaming  of  the  plates;  the  specifications  call  for  reaming  the 
individual  members  of  the  section.  I  do  not  know  what  the  ad¬ 
vantage  of  that  would  be.  It  seems  to  me  better  results  would  be 
secured  by  reaming  after  assembling,  which  I  believe  is  the  usual 
practice,  and  it  seems  a  lot  of  unnecessary  expense  reaming  each 

individual  member. 

\ 

Mr.  H.  J.  Lewis  :  The  practice  of  testing  eye  bars,  is  some¬ 
thing  like  the  boy  who  picks  on  a  fellow  he  can  lick.  The  com¬ 
pression  member  is  all  in  one  piece,  and  all  of  the  section  which 
is  in  a  compression  member  makes  a  rather  difficult  proposition 
to  tackle,  while  in  the  tension  member  we  have  a  group  of  two, 
four,  six,  and  sometimes  eight  eye  bars  working  against  it,  one 
of  which  can  be  broken  in  available  testing  machines.  Until 
somebody  builds  a  testing  machine  on  which  we  can  test  a  full 
size  compression  member  of  an  important  structure  to  destruc¬ 
tion  we  will  be  obliged  to  draw  to  some  extent  on  theory. 

Mr.  T.  S.  White  :  I  think  too  that  it  is  a  little  matter  of 
habit.  When  they  began  making  eye  bars  they  perhaps  did  not 
know  how  to  make  them  as  well  as  they  do  now  and  there  was 
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more  uncertainty  in  their  manufacture  so  that  they  had  to  be 
tested.  But  except  as  a  matter  of  habit,  that  has  been  out¬ 
grown;  and  it  might  be  done  away  with  to  a  very  large  extent, 
and  more  attention  paid,  as  has  been  suggested,  to  tests  on 
compression  members. 

Mr.  W.  P.  Rothrock:*  Relative  to  the  erection,  I  would 
state  we  experienced  no  difficulties  and  it  was  carried  out  in 
accordance  with  plans  definitely  drawn  up  and  laid  out  before 
the  work  was  begun.  In  other  words,  plans,  etc.  were  made  and 
detailed  similar  to  the  structure  itself  and  these  were  followed 
in  the  field.  Our  timber  false-work  was  built  in  sections  at  the 
site  and  moved  in  sections  from  time  to  time  as  required,  and 
after  one  side  was  completed  these  sections,  etc.,  were  floated 
across  river  to  the  other  side  and  again  put  in  place.  I  think 
it  was  owing  to  the  care  with  which  the  plans  were  executed 
that  not  a  man  was  seriously  injured  nor  a  life  lost,  which  I 
think  is  a  record  on  a  structure  of  this  size.  Of  course,  this  may 
also  be  attributed,  perhaps,  in  a  measure  to  good  luck,  as  a  man 
may  fall  at  any  time  though  the  greatest  care  has  been  -exer¬ 
cised. 

Mr.  T.  S.  White:  I  heard  a  gentleman  here  saying  that 
for  a  lateral  system  the  buckle  plate  is  about  the  best  system 
that  could  be  devised.  I  remember  passing  the  Sewickley  bridge 
many  times  on  the  train  and  saw  the  long  cantilever  arm  pro¬ 
ject  out  into  space  and  wondered  whether  the  buckle  plates  were 
on  them  or  not. 

Mr.  H.  R.  Blickle:  The  buckle  plates  were  on  and  thor¬ 
oughly  bolted. 

Mr.  R.  B.  Woodworth:!  The  discussion  has  been  very 
complete  and  very  full  indeed,  and  Mr.  Covell  is  to  be  con¬ 
gratulated  on  the  paper  he  has  produced. 

One  of  the  speakers  referred  to  the  subject  of  stretch  in 
steel,  and  it  may  be  interesting  for  the  Society  to  know  of  an 
item  illustrating  this  matter.  When  I  was  employed  at  the 
Elmira  Bridge  Works,  at  that  time  operated  by  the  Elmira 

♦Engineer  of  Erection,  Fort  Pitt  Bridge  Works,  Pittsburgh. 
tEngineer,  Carnegie  Steel  Company,  Carnegie  Building,  Pittsburgh. 
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Bridge  Company,  we  had  in  the  shop  a  plate  girder  bridge  110 
ft.  long  and  10  ft.  deep.  The  top  chord  of  the  girders  was  com¬ 
posed  of  8  by  8  by  %  in.  angles,  and  the  bottom  chord  8  by  8 
by  %  in.  angles,  if  I  remember  rightly.  The  angles  for  the  top 
chord  were  punched  to  full  size ;  the  angles  for  the  bottom  chord 
were  sub-punched  and  reamed.  The  camber  at  the  center  con¬ 
templated  on  the  strain  sheet  was  iy2  in.  The  camber  at  the 
separate  panels  was  computed  on  that  basis,  but  when  the  girder 
was  assembled  in  the  shop  preparatory  to  riveting  it  was  found 
that  the  actual  camber  on  the  girder  bolted  up  ready  for  rivet¬ 
ing  was  about  2%  in.,  due  to  the  fact  that  the  angles  in  the  top 
chord  had  stretched  under  punching,  while  the  angles  in  the 
bottom  chord  had  not. 

Mr.  McEwen  has  put  his  finger  on  a  place  which  needs 
very  careful  consideration  in  bridge  work,  and  it  will  doubtless 
receive  much  more  attention  in  the  future  than  has  been  pos¬ 
sible  to  bestow  upon  it  in  the  past. 

The  tensile  values  of  steel  are  so  well  known  that  we  have 
every  assurance  that  eye  bars,  for  example  will  develop  the  full 
theoretical  strength  and  that  the  finished  bar  will  have,  roughly 
speaking,  the  same  physical  properties  as  the  specimen  test 
pieces.  Tension  tests  are  very  easy  to  make,  and  their  results 
are  so  easily  checked  that  they  form  the  very  best  method  for 
ascertaining  the  real  character  of  the  material  which  goes  into 
a  structure.  The  testing  of  test  pieces  has  been  brought  to  such 
a  state  of  perfection,  and  the  results  known  to  be  so  close  to  the 
theoretical  properties  computed  from  the  chemical  composition 
of  the  material,  that  it  is  a  question  whether  they  cannot  be 
safely  discontinued  except  in  the  case  of  very  special  structures 
or  in  the  case  of  special  steels. 

The  chart  of  tests  which  was  put  on  the  screen  illustrates 
very  closely  what  may  be  expected  in  this  direction,  and  notice 
is  called  to  the  very  uniform  character  of  these  tests  and  also 
to  the  difference  which  may  be  expected  to  exist  always  between 
tests  on  specimen  test  pieces  and  tests  on  full  sized  members. 
The  specimen  test  pieces  were  all  of  uniform  size,  whereas  the 
full  sized  eye  bars  were  of  different  sizes.  The  specimen  test 
pieces  had  a  very  narrow  range  around  38  000  lb.  elastic  limit, 
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whereas  the  full  sized  test  pieces  ranged  from  29  000  lb.  to  32  000 
lb.  or  33  000,  the  smaller  values  being  all  the  time  in  the  larger 
members.  This  is  a  very  simple  matter  and  is  one  that  has  to  be 
allowed  for  in  making  tensile  tests  on  large  sized  members,  and 
the  reasons  of  course  are  obvious. 

So  far  as  my  own  experimentation  is  concerned  I  have  been 
often  impressed  by  the  fact  that  in  the  failure  of  a  compound 
member  such  as  a  rolled  beam  or  a  plate  girder  it  is  always 
the  compression  member  that  fails  first.  I  do  not  recall  a  single 
instance  of  a  section  tested  under  bending  where  the  full  ten¬ 
sile  value  of  the  section  was  developed,  or  in  other  words,  the 
section  tested  to  destruction  in  the  bottom  flange.  In  conduct¬ 
ing  a  series  of  experiments  on  steel  beams  ranging  in  depth 
from  12  in.  to  24  in.,  and  plate  girders  ranging  up  to  36  in.  in 
depth  both  in  lengths  from  10  ft.  to  28  ft.,  we  were  never  able 
in  any  way  to  cause  a  failure  in  the  bottom  flange  of  beam  or 
girder.  The  compression  flanges  always  failed  first. 

The  engineering  world  is  beginning  gradually  to  realize 
that  the  compression  member  is  a  member  the  design  of  which 
needs  the  most  care,  and  in  steel  mill  buildings,  for  example,  it 
is  necessary  to  take  care  of  the  side  thrust  from  moving  cranes, 
and  the  compression  member  needs  to  be  stiffer  in  many  cases 
than  would  be  indicated  by  the  ordinary  formulas  for  flexure. 
A  designer  who  puts  beams  and  girders  into  a  bridge  or  building 
solely  on  the  basis  of  their  resistance  to  cross  bending  has  com¬ 
pleted  less  than  half  the  work  of  designing.  It  is  further  neces¬ 
sary  to  see  that  his  compression  flanges  are  secure  against  side- 
wise  deflection,  and  that  the  arrangement  of  details  is  such  as  to 
insure  that  the  member  acts  as  a  unit. 

I  do  not  think  Mr.  McEwen  intended  to  criticise  the  design 
of  the  Sewickley  bridge  in  this  direction.  I  understand  from  the 
paper  and  the  discussion  that  the  elements  of  safety  and  stren¬ 
gth  have  been  duly  considered,  and  that  the  structure  is  one  of 
which,  as  a  whole,  its  designers  have  every  reason  to  be  proud, 
but  I  do  think  that  it  is  worth  our  while  to  remind  ourselves 
occasionally  that  the  making  of  tensile  tests  on  specimen  pieces 
is  only  a  partial  investigation  of  the  quality  of  the  materials 
which  go  to  make  a  bridge  structure. 


\ 
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Prof.  H.  R.  Thayer:*  We  have  all  enjoyed  the  paper  very 
much  and  hope  that  the  many  questions  that  have  been  brought 
out  by  this  very  interesting  discussion  will  be  answered.  With 
others,  I  fail  to  understand  the  benefit  to  be  derived  from  ream¬ 
ing  both  before  and  after  assembly  .  I  agree  with  the  general 
sentiment  calling  for  tests  on  compression  members  rather  than 
eyebars.  The  latter  are  simple  and  so  standardized  as  to  render 
details  stronger  than  body  of  bar  and  their  behavior  under  high 
stress  is  well  known.  Columns,  on  the  other  hand,  are  com¬ 
plicated,  have  many  different  forms  of  section,  and  various  meth¬ 
ods  of  lacing.  Also  tension  tends  to  pull  a  member  into  line 
thus  correcting  any  fault  of  fabrication.  On  the  contrary,  com¬ 
pression  tends  to  increase  possible  errors  of  alignment. 

I  believe  that  the  very  common  practice  of  allowing  24  000 
lb.  per  sq.  in.  for  dead  and  12  000  for  live  loads  in  highway 
bridges  is  questionable.  We  may  classify  loads  according  to 
method  of  application  as  follows : 

(1)  Applied  gradually,  value  1.00. 

(2)  Applied  suddenly,  value  between  1.00  and  2.00. 

(3)  Applied  with  velocity  as  from  a  falling  body,  value 
from  2.00  up. 

Or  again  according  to  frequency  of  application  of  full 
load : 

(a)  Continuous,  like  dead  load. 

(b)  Often,  as  in  a  railroad  bridge. 

(c)  Seldom ,  as  live  in  a  highway  bridge. 

(d)  Rare,  such  as  come  from  earthquakes  and  extraord¬ 
inary  storms. 

The  classification  (d)  is  often  ignored.  The  relative  values 
of  the  remainder  I  might  estimate  at  1.00  for  (a),  1.00  for  (b), 
and  0.80  for  (c).  Now  a  dead  load  in  a  highway  bridge  is  (la), 
while  live  is  (lc),  the  relative  value  of  the  two  loads  being  1.00 
and  0.80.  The  importance  of  the  live  load  and  the  possibility  of 
vibration  might  lead  us  to  rate  the  two  as  equal,  that  is  to  use 
same  allowable  stresses  for  both  dead  and  live  loads,  say  about 
15  000  lb.  per  sq.  in. 

*Asst.  Prof.  Structural  Design,  Carnegie  Institute  of  Technology,  Pitts¬ 
burgh. 
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In  the  light  of  our  present  knowledge,  or  shall  I  say,  lack 
of  knowledge,  24  000  lb.  per  sq.  in.,  even  when  reduced  by  the 
compression  formula,  seems  to  me  a  little  high  for  columns  under 
any  load.  Would  it  not  give  a  better  distribution  of  the  metal 
to  use  the  same  intermediate  value  for  both  dead  and  live  loads  ? 
It  really  does  not  seem  fair  to  allow  twice  the  unit  stress  for  a 
force  which  always  acts  as  compared  with  one  which  would  be 
given  by  a  crowd  of  perhaps  40  000  people,  something  that  will 
occur  but  very  seldom. 

Mr.  G.  E.  Flanagan:!  One  point  that  is  not  nearly  so  im¬ 
portant  as  some  others  that  have  been  discussed,  which  may  still 
be  worth  while  referring  to  is  this.  In  looking  upon  the  com¬ 
pleted  structure  it  struck  me  that  this  is  just  a  bridge,  without 
any  ornamental  features  of  design.  This  is  a  feature  that  is  not 
unique  in  these  days  but  it  was  some  years  ago.  We  can  all 
remember  steam  engines  provided  with  Corinthian  columns.  Some 
machine  tools  at  the  present  time  have  panels  and  ornamental 
molding,  following  the  wood  workers’  designs.  The  parts  that 
are  in  compression  are  nicely  curved  so  as  to  resist  it.  I  recall 
mill  buildings,  put  up  not  so  many  years  ago,  with  curved  knee 
braces  on  them.  We  have  not  far  to  go  to  find  bridges  with  ap¬ 
plied  ornamentation  on  them,  parts  cut  out  and  molded  and  at¬ 
tached  for  ornament  solely  and  with  little  attention  to  the  funda¬ 
mental  principles  of  harmony  and  artistic  design.  In  my  view, 
this  rather  disfigures  than  adds  to  the  structure’s  beauty.  I 
think  the  real  design  is  where  the  pieces  that  are  right  look  right. 
From  an  engineering  standpoint  anything  that  is  right  looks 
right,  and  when  we  have  a  bridge  or  other  structure  that  is  just 
right  from  an  engineering  standpoint  of  view,  if  we  fail  to  see 
its  beauty  it  is  most  likely  lack  of  education  on  the  part  of  the 
observer  and  not  for  want  of  grace  in  the  structure. 

There  is  only  one  feature  of  this  bridge  that  I  thought 
might  have  been  put  in  with  a  view  to  its  aesthetic  properties 
rather  than  the  practical,  and  that  is  the  construction  of  the 
piers  with  the  sand-stone  facing  and  concrete  core.  It  might  be 
of  interest  to  know  whether  the  sand-stone  facing  was  used  with 
the  idea  that  it  presents  a  better  appearance  than  the  entire  con- 
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Crete  pier  would,  or  whether  there  is  a  more  practical  reason 
for  it.  I  would  be  interested  in  hearing  whether  it  is  better  from 
a  practical  standpoint  to  build  a  bridge  pier  with  masonry  fac¬ 
ing  backed  with  concrete,  than  to  build  it  with  monolithic  con¬ 
crete  construction. 

The  Author  :  I  will  not  attempt  to  answer  all  of  these 
questions  at  this  time.  Mr.  Nutter,  who  had  part  in  the  prepara¬ 
tion  of  this  paper,  is  more  familiar  with  the  superstructure  de¬ 
tails  than  I,  and  will  answer  some  of  them  later. 

At  least  two  important  considerations  determined  the  use 
of  stone-faced  piers,  viz. ;  appearance  and  durability.  It  would 
be  difficult  and  expensive  to  give  concrete  a  surface  treatment 
'  that  would  result  in  as  satisfactory  an  appearance  as  the  stone, 
and  it  is  very  doubtful  if  any  concrete  would  resist  the  abrasive 
action  of  ice  and  drift  as  well  as  the  stone,  though  concrete  would 
be  more  durable  than  some  grades  of  stone  that  have  been  used 
in  bridge  building.  The  cost  is  but  little,  if  any,  greater  and  the 
use  of  the  stone  does  away  with  the  necessity  of  forms,  which  are 
liable  to  damage  or  destruction  at  times  of  high  water. 

The  portion  of  the  law,  touching  the  point  raised  by  Mr. 
White,  is  quoted  in  full.  I  am  not  clear  as  to  how  it  was  made 
applicable  to  this  case. 

Under  the  requirements  of  the  Government  Engineers,  both 
river  piers  were  moved  toward  the  Sewickley  shore  without  any 
change  in  the  length  of  the  channel  span. 

The  cement  was  furnished  by  Allegheny  county  under  a 
separate  contract  and  under  standard  specifications  and  was 
submitted  to  laboratory  tests. 

The  unit  stresses  in  bearing  on  the  granite  blocks  were  low 
and  the  dimension  of  the  blocks  made  it  impracticable  to  handle 
them  in  one  piece  for  each  shoe.  By  cutting  them  parallel  with 
the  axis  of  the  bridge,  each  piece  is  more  likely  to  receive  the 
same  loading  than  if  cut  at  right  angles  the  axis.  There  is  also 
greater  probability  of  a  perfect  bed  in  setting  the  smaller 
blocks.  The  shoes  extended  to  within  one  foot  of  the  edge  of  the 
granite  blocks  and  the  construction  is  considered  thoroughly 
efficient. 
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Mr.  H.  R.  Buckle:  Regarding  the  lacing  angles  used.  The 
angles  were  used  in  place  of  channels  in  the  latticing  of  the 
lower  chords.  The  lattice  angles  were  flattened  or  flared  at  tin? 
ends  and  again  in  the  center  where  the  double  lacing  intersected 
and  were  riveted  through  flattened  ends  to  the  chord  and  to  each 
other  at  the  center,  the  legs  of  the  angles  being  at  45  deg.  to  the 
horizontal  plane.  I  might  add  that  before  using  the  angles  we 
made  calculations  comparative  with  the  channels  on  a  column 
basis,  and  finding  that  our  calculations  showed  the  angles  so  far 
superior  to  the  channels  we  thought  best  to  have  a  check,  and 
therefore,  had  comparative  tests  made  which  showed  extremely 
close  results  to  our  calculations.  As  I  recall,  the  angles  proved, 
generally  33J  percent  superior  to  the  channels.  By  using  the 
angles  there  was  no  need  of  gusset  and  center  plates,  and  con¬ 
siderable  dead  weight  was  eliminated.  Naturally  the  use  of 
angle  lacing  like  this  could  only  be  used  where  the  lacing  would 
be  of  long  length.  Another  point  in  its  favor  is  that  it  will 
shed  water. 

Mr.  H.  H.  Rankin  :*  One  point  about  the  laying  of  con¬ 
crete  is  very  interesting.  What  method  was  used  to  determine 
the  efficiency  of  the  concrete  laid  under  water  as  compared  with 
that  laid  above  water,  after  it  had  been  set,  and  to  determine 
whether  the  aggregate  had  separated  from  the  cement  ? 

The  Author:  Fifteen  percent  additional  cement  was  used 
in  this  concrete  and  care  was  taken  to  so  deposit  it  in  the  bot¬ 
tom  of  the  river  pier  foundations  that  the  materials  should  not 
be  separated.  The  work  was  continuous  until  the  full  depth  of 
concrete  was  deposited.  The  water  was  without  current,  so  that 
the  cement  could  not  be  carried  away,  and  the  surface  of  the 
water  was  watched  for  any  excessive  amount  of  cement.  The 
only  test  applied,  was  the  surface  examination  after  the  water 
was  pumped  out. 

Mr.  H.  R.  Blickle:  Another  point  was  brought  up,  about 
the  telescoping  of  the  splicing.  I  am  not  certain  as  to  the  sec¬ 
tion  but  I  think  one  section  was  8  by  6  in.  and  the  other  6  by  6 
in.,  the  8  in.  leg  being  horizontal  on  the  smaller  width  telescop¬ 
ing  section. 
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Mr.  A.  D.  Nutter  :*  The  live,  dead,  and  wind  loads  were 
considered  in  such  a  manner  as  to  give  the  maximum  stresses  in 
the  member  under  consideration.  Erection  loads  were  always 
considered  where  they  had  any  effect. 

No  difference  was  made  in  allowable  stresses  for  tension  for 
rolled  and  built  up  sections.  Stringers  in  panels  of  25  ft.  or 
less  were  rolled  I  beams,  other  stringers  and  all  floor  beams  were 
built  up. 

Seven  sizes  of  pins  were  used  and  were  distributed  as  fol¬ 
lows  : 

14  in.  pin  at  L10  (foot  of  towers) 

11^2  in.  pin  at  U1Q  (top  of  towers) 

10_p2  in.  pin  at  U16,  U18,  and  Lli  to  L16 

9^4  in.  pin  at  U2  to  U7  and  L0  to  L12  excepting  L10 

8y2  in.  pin  at  L18  to  L23 

8  in.  pin  at  U20  to  U22  and  intermediate  points  on  the  cantilever 
and  anchor  arms. 

6^4  in.  pin  at  intermediate  points  on  the  suspended  span. 

The  dividing  line  between  hollow  and  solid  pins  was  taken 
arbitrarily  at  9%  in.,  and  was  the  minimum  size  of  pin  in  the 
chords  of  the  anchor  and  cantilever  spans. 

The  point  has  been  made  that  eye-bar  tests  are  practically 
without  value,  and  that  more  attention  should  be  given  to  the 
compression  tests.  To  certain  extent  we  are  making  a  test  of 
the  design  in  using  a  column,  or  compression  test;  and  of  the 
material  in  using  an  eye-bar,  or  tension  test.  To  test  the  design 
a  full  sized  member  should  be  investigated,  or  else  a  model 
should  be  tested  and  conclusions  drawn  from  the  result.  A 
number  of  columns  have  been  tested,  serving  as  models,  and  not 
much  would  be  gained  in  testing  another  model.  Columns  are 
made  up  of  plates  and  shapes  that  are  not  much  thicker  than  the 
material  for  the  specimen  tests  and  their  quality  is  very  nearly 
represented  by  these  tests.  In  the  eye-bar  tests,  however  the 
conditions  are  very  different.  In  the  process  of  rolling,  these 
bars  are  not  made  as  homegeneous  as  the  thinner  shapes,  as  the 
tabulated  results  show,  and  we  find  that  the  elastic  limit  and 
character  of  the  fracture  are  frequently  of  such  qualities  as  to 
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induce  serious  doubts  concerning  their  acceptance  or  rejection. 
As  long  as  th£se  conditions  are  found,  I  think  it  still  advisable 
to  carry  on  the  tests  as  heretofore. 

The  unit  stresses  do  not  seem  to  me  to  be  unnecessarily  com¬ 
plicated;  they  were  simplified  as  much  as  we  thought  possible 
to  properly  cover  the  work.  It  is  not  practicable  to  use  the 
same  unit  stress  for  every  part  of  the  structure  regardless  of 
its  position  therein.  Different  members  receive  their  stress  in 
widely  varying  manners.  Chord  stresses  increase  from  a  mini¬ 
mum  to  a  maximum  gradually  and  seldom  have  their  stresses 
reversed.  The  same  applies  to  the  web  members,  but  the 
stresses  may  be  reversed  or  be  nil.  Again  stringers,  floor  beams, 
and  hangers  receive  their  loads  suddenly  as  compared  to  the 
chords  and  webs  and  moreover  the  load  is  generally  the  maxi¬ 
mum  for  which  the  piece  is  designed  and  its  application  is  many 
times  in  excess  of  that  for  the  web  and  chord  members.  The 
floor  system  deteriorates  much  more  rapidly  than  any  other 
part  of  the  structure  and  this  should  also  be  considered  in  de¬ 
termining  the  unit  stresses.  It  is  evident  that  the  section  is  not 
stressed  to  24  000  lb.  per  sq.  in. ;  the  section  required  for  the 
live  load  is  always  working  with  that  required  for  the  dead  load 
and  the  average  unit  stress  is  very  much  below  24  000  lb.  per  sq. 
in. 

Consider  for  example  the  top  chord  UQ  —  U10  of  the  anchor 

arm. 

D  =  -f  2  216  300 
L  =  +  868  000 

3  084  300 


This  member  consists  of  6  bars  12  in.  by  2*4  in.  whose  combined 
area  is  162  sq.  in.  The  area  required  by  the  specifications  is 


2  216  300 
24000 


+ 


868  000 
12  000 


=  164.7  sq.  in. 


and  the  average  unit  stress  under  full  dead  and  live  load  is 


3  084  300 
”162 


=  19  050  lb.  per  sq.  in. 


and  the  unit  stress  under  dead  load  alone  is 


2  216  300 

=  13  650  lb.  per  sq.  in. 


162 


652  proceedings  Engineers  *  society  western  penna. 

Considering  the  entire  suspended  span  of  350  ft.  covered  with 
1  600  lb.  per  lineal  foot  of  track  there  would  be  a  live  load  stress 
in  Ug  —  UJ0  of  approximately  554  000  lb.  and  the  average  unit 
stress  would  be  but 

(2  216  300  -f  554  000)  162  =  17100  lb.  per  sq.  in. 

These  stresses  all  appear  to  be  conservative  when  we  take  into 
consideration  the  relative  value  of  the  dead  and  live  load 
stresses. 

Using  the  same  member  for  illustration,  we  might  compare 
it  with  some  standard  specifications  using  the  impact  formula. 
In  this  case  the  American  Bridge  Company’s  specifications  would 
allow  17  000  lb.  per  sq.  in.  in  tension,  with  one-fourth  of  the  live 
load  added  for  impact.  The  live  load  per  lineal  foot  of  track  would 
be  1  200  lb.  The  dead  load  would  be  decreased  since  we  have  a 
25  percent  decrease  in  the  live  load,  viz.  1  600  to  1  200  lb.  per 
lineal  foot  of  track.  Assuming  the  floor  and  bracing  to  be  about 
the  same  under  either  specifications,  the  total  dead  load  of  the 
structure  would  decrease  probably  about  10  percent,  then 

B  =  0.90  •  2  216  300  =  1994  700 
L  =  0.75  •  868  000  =  651  000 

1  =  162  800 

2  808  500 

and 

2  808  500  -f-  17  000  =  165  sq.  in. 

which  is  the  same  as  obtained  under  the  specifications  used  in 
the  design  of  the  bridge. 

Kather  heavy  plates  and  shapes  were  used  reaching  %  in. 
and  in.  thickness  and  to  avoid  injured  material  about  the 
finished  hole  they  were  sub-punched  smaller  than  is  the  usual 
custom;  jq  in.  reaming  being  required  for  material  over  %  in. 
thickness.  It  was  considered  better  to  make  this  cut  with  two 
operations,  reaming  out  first  ys  in.  of  material  and  then  mak¬ 
ing  the  final  reaming  in.  with  the  pieces  assembled.  This 
method  was  used  in  the  fabrication  of  the  Thebes  Bridge,  so  that 
it  is  not  without  precedent. 


THE  ENERGY  OF  EXPLOSIVES 


By  Dr.  Walter  0.  Snelling* 


We  use  explosives  because  we  recognize  that  in  them  we 
have  “stored  energy”;  and  we  know  that  a  given  weight  of 
a  suitable  explosive  has  the  ability  to  perform  for  us  a  certain 
amount  of  work. 

A  somewhat  similar  condition  exists  in  the  case  of  coal, 
where  we  have  potential  energy  in  the  form  of  heat.  The  pur¬ 
chase  of  coal  on  an  energy  or  specification  basis  is  already  firmly 
established,  and  we  recognize  that  two  coals  very  similar  in  ap¬ 
pearance  may  differ  by  as  much  as  50  percent  in  heating  power. 
The  evident  fairness  of  buying  coal  on  the  basis  of  its  ability 
to  produce  heat,  which  is  the  factor  in  which  the  purchaser  is 
interested,  rather  than  to  consider  weight  alone,  is  of  course 
clear  to  every  one. 

In  the  case  of  explosives  we  have  a  much  more  difficult 
problem  to  consider,  since  even  the  amount  of  energy  present 
in  any  particular  explosive  is  usually  cpiite  subordinate  to  the 
manner  in  which  such  energy  is  available.  For  example,  there 
might  be  the  same  amount  of  energy  represented  in  the  slow 
motion  of  a  very  heavy  freight  car,  and  the  rapid  motion  of  a 
light  rifle  bullet — considered  solely  in  regard  to  energy  these 
two  cases  would  represent  an  equal  number  of  energy  units — 
but  if  you  were  hunting  rabbits  you  would  find  the  energy  of 
the  rifle  bullet  much  better  adapted  to  your  purpose  than  the 
equal  energy  represented  by  the  motion  of  the  freight  car. 
In  just  the  same  way  two  explosives  of  exactly  equal  energy  con¬ 
tent  may  differ  materially  in  the  work  for  which  they  are  best 
adapted,  and  in  selecting  explosives  we  have,  therefore,  to  con¬ 
sider  other  factors  in  relation  to  total  energy  available. 

One  explosive  may  produce  nearly  all  of  its  available  ener¬ 
gy  in  the  form  of  a  sharp  blow,  while  another  explosive  repre- 
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senting  an  equal  amount  of  available  energy  may  produce  only 
a  continuous  pressure,  with  scarcely  any  evidence  of  true  im¬ 
pact.  Explosives  whose  effects  are  rapid  and  in  the  nature  of 
a  blow  are  useful  for  shattering  rock,  for  example,  while  ex¬ 
plosives  which  produce  but  slight  shattering  effects  are  mainly 
used  as  propellents  in  guns,  and  in  “ shaking  up”  earth  or  other 
soft  material  in  railroad  excavations. 

ECONOMIC  IMPORTANCE  OF  THE  STUDY 

Millions  of  dollars  are  wasted  each  year  through  the  use  of 
explosives  poorly  adapted  to  the  work  which  they  are  called 
upon  to  perform,  and  through  improper  methods  of  use.  Un¬ 
like  conditions  prevailing  in  many  other  lines  of  industry,  how¬ 
ever,  this  waste  in  connection  with  explosives  is  not  due  so 
much  to  indifference  as  to  inabilitv  to  obtain  data  on  which 

t/ 

to  base  better  and  more  economical  methods. 

The  aim  of  this  paper  is  to  show  that  explosives  suitable 
to  any  particular  kind  of  work  can  be  best  selected  through 
knowledge  of  the  energy  factors  in  different  types  of  explosives 
and  the  energy  requirements  in  different  kinds  of  blasting  work. 
Through  the  work  of  many  investigators,  considerable  material 
for  tables  of  energy  data  now  exists,  and  as  such  tables  become 
more  complete  as  the  result  of  future  work,  a  very  considerable 
lessening  of  present  waste  may  be  expected  to  result.  The  cost  of 
explosives  forms  a  quite  important  factor  in  mining  and  quarry¬ 
ing  operations,  and  now  that  so  much  thought  is  being  devoted 
to  improvements  in  air  drills,  crushers,  hauling  devices,  hoists, 
etc.,  it  is  most  fitting  that  some  start  should  be  made  in  lessen¬ 
ing  the  waste  still  prevailing  in  connection  with  the  use  of  ex¬ 
plosives. 


INTELLIGENT  SELECTION  OF  EXPLOSIVES 

It  is,  of  course,  impossible  to  properly  select  the  explosive 
best  suited  for  any  particular  work  unless  we  have  data  both  in 
regard  to  the  properties  of  different  explosives,  and  in  regard 
to  the  requirements  of  different  classes  of  blasting.  Some  ex¬ 
plosives,  such  as  blasting  gelatine,  are  of  very  rapid  action,  and 
these  are  called  “brisant”  explosives;  other  explosives  such  as 
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black  blasting  powder,  are  relatively  much  slower  in  action,  and 
are  often  termed  “slow  burning”  explosives,  and  each  of  these 
classes  of  explosives  have  their  own  field  of  usefulness.  If  we 
know  the  total  energy  of  two  explosives,  and  the  percentage  of 
this  energy  available  as  percussive  force,  or  capable  of  striking 
a  blow,  and  if  we  know  further  the  toughness  or  brittleness  of 
the  material  to  be  blasted,  we  can  say  which  of  the  two  ex¬ 
plosives  will  be  the  best  suited  to  the  work.  Even  cost  factors 
can  be  brought  in  when  this  stage  of  the  calculation  has  been 
reached,  since  the  relative  efficiency  of  the  two  explosives  would 
be  known,  equal  weights  being  considered,  and  it  would  only  be 
necessar}r  to  bring  into  the  calculation  the  cost  of  these  unit 
weights.  Unfortunately,  the  factor  representing  the  physical 
properties  of  the  material  to  be  blasted  has  up  to  now  been  con¬ 
sidered  in  only  a  roughly  approximate  way,  in  the  absence  of 
tables  giving  accurate  data  in  regard  to  the  toughness  of  dif¬ 
ferent  kinds  of  rocks,  and,  as  a  chain  is  only  as  strong  as  its 
weakest  link,  in  the  absence  of  suitable  data  in  connection  with 
the  material  to  be  blasted,  all  the  carefully  compiled  figures  re¬ 
garding  the  energy  of  explosives  have  proved  of  but  little  prac¬ 
tical  value. 

Some  time  ago  I  learned  that  the  Office  of  Public  Roads, 
a  division  of  the  Department  of  Agriculture,  had  made  many 
thousands  of  experiments  on  small  test  samples  of  different  rocks, 
to  determine  the  suitability  of  these  rocks  for  road  material. 
Among  the  physical  tests  made  on  each  sample  of  rock  was  one 
which  seemed  to  ideally  grade  it  in  regard  to  toughness,  and 
on  going  over  the  results  of  these  tests  I  became  convinced  that 
this  data,  in  connection  with  the  information  already  available 
in  regard  to  the  energy  factors  of  different  explosives,  would 
prove  valuable  in  systematizing  the  selection  of  explosives  for 
any  particular  kind  of  work.  In  a  later  part  of  this  paper  1 
will  give  in  tabular  form  the  results  of  the  tests  already  men¬ 
tioned,  and  I  believe  this  data  will  prove  useful  in  the  solution  of 
many  problems  involving  a  choice  of  an  explosive. 

NATURE  OF  EXPLOSIVE  REACTIONS 

Explosives  consist  essentially  of  chemical  bodies  which  by 
reacting  can  produce  a  largely  increased  volume  of  gases,  and 
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there  is  practically  nothing  else  in  regard  to  their  chemical  ac¬ 
tion  that  we  need  to  consider.  It  is  often  hard  for  us  to  realize 
that  all  of  the  titanic  strength  of  explosive  bodies  is  due  alone 
to  the  effort  of  gas  to  expand;  but  this  is  a  fact,  nevertheless, 
and  neither  solid  granite  nor  heavy  plates  of  steel  can  with¬ 
stand  the  pressure  produced  by  the  great  volumes  of  gas  that 
brisant  explosives  evolve  at  the  moment  of  explosion. 

All  commercial  explosives  are  alike  in  that  their  effects  are 
due  solely  to  these  large  volumes  of  gas  suddenly  set  free,  but 
these  explosives  differ  from  one  another  greatly  in  regard  to 
the  rate  at  which  this  evolution  of  gas  takes  place.  Nitro¬ 
glycerin,  blasting  gelatine,  and  certain  grades  of  dynamite, 
evolve  great  volumes  of  gas  in  a  period  of  time  that  must  be 
measured  by  thousandths,  or  even  ten-thousandths  of  a  second, 
while  other  explosives,  notably  black  powder,  evolve  similarly 
large  volumes  of  gas  in  a  much  slower  manner.  The  more  rapid 
explosives  are  wholly  shattering  in  their  action,  and  are  used  in 
breaking  up  the  harder  kinds  of  rock.  The  slower  acting  ex¬ 
plosives  have  but  little  shattering  action,  and  the  manner  in 
which  they  produce  large  volumes  of  gas  in  a  regular  manner 
make  them  well  suited  for  such  uses  as  that  of  propellent  in 
guns,  for  example.  As  we  will  have  to  consider  the  total  energy 
of  all  explosives  as  being  represented  by  different  intensities 
of  these  two  factors,  the  propellent  factor  and  the  percussive  fac¬ 
tor,  we  can  consider  that  the  total  energy  of  any  explosives  can 
be  divided  between  these  two  quantities.  The  forces  which  pro¬ 
duce  a  shattering  effect  are  what  we  will  call  the  percussive  fac¬ 
tor,  and  the  continued  pressure  produced  by  a  slower  evolu¬ 
tion  of  gas  we  will  call  the  propellent  factor. 

To  more  clearly  fix  in  our  minds  the  fact  that  the  same 
amount  of  energy  may  be  utilized  either  as  a  percussive  or  as 
a  propellent  effect,  let  us  consider  a  stout  glass  bottle  filled 
with  gas  at  a  very  high  pressure.  If  by  a  very  sharp  blow  we 
break  the  bottle  there  will  follow  a  loud  report,  and1  fragile  ar¬ 
ticles  in  the  neighborhood  of  the  bottle  will  be  shattered.  If 
instead  of  thus  breaking  the  bottle,  however,  we  had  inserted  a 
small  valve  through  the  stopper,  we  could  have  drawn  off  the 
gas  slowly,  and  could  have  utilized  its  pressure  to  run  a  small 
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air  engine,  for  example,  or  to  turn  a  wind  mill.  Clearly,  then, 
a  direct  relation  exists  between  energy  manifested  as  percus¬ 
sive  force  and  as  propellent  force,  and  in  any  explosive  we  have 
three  interrelated  factors  that  are  required1  to  give  us  complete 
knowledge  in  regard  to  the  energy  relationship  of  the  body.  One 
of  these  factors  is  the  total  energy  available  in  a  given  weight 
of  the  explosive,  and  the  other  factors  are  the  percentage  of  this 
energy  available  as  percussive  and  propellent  force  respectively. 

DETERMINING  THE  TOTAL  ENERGY  OF  AN  EXPLOSIVE 

By  “total  energy’ ’  is  meant  the  entire  amount  of  energy 
evolved  in  the  explosion  of  unit  weight  of  the  compound,  re¬ 
gardless  of  whether  any  or  all  of  this  energy  is  utilized  or  is 
even  utilizable,  in  any  given  kind  of  work.  If  we  take  unit 
weight  of  any  explosive  and  place  it  within  a  strong  metal 
container  many  times  larger  than  the  volume  of  the  explosive 
used,  lower  the  container  into  a  large  vessel  of  water  the  temp¬ 
erature  of  which  is  accurately  known,  and  then  fire  the  explosive, 
there  will  occur  a  rise  in  the  temperature  of  the  water,  and  this 
rise  will  be  in  proportion  to  the  total  energy  which  the  ex¬ 
plosive  evolves.  Chemical  reactions  will  go  on ;  heat  will  be  pro¬ 
duced,  the  gases  evolved1  will  exert  pressure;  but  as  all  these 
reactions  are  taking  place  in  a  closed  container,  when  equili¬ 
brium  is  finally  reached  all  the  energy  set  free  will  have  been 
reduced  to  heat,  and  this  heat  will  raise  the  temperature  of  the 
surrounding  water  a  measurable  amount.  This  is  the  simplest 
means  of  arriving  at  the  total  energy  of  an  explosive,  and  aside 
from  its  simplicity  it  has  the  advantage  of  high  accuracy.  The 
apparatus  differs  from  the  ordinary  calorimeter  used  in  deter¬ 
mining  the  heating  value  of  coal  mainly  in  its  much  larger  size, 
and  in  slight  details  arranged  to  adapt  it  to  the  higher  pressures 
resulting  in  the  practical  testing  of  explosives. 

Another  method  of  determining  the  total  energy  of  ex¬ 
plosives  is  by  calculation.  Knowing  the  exact  analysis  of  an 
explosive,  and  knowing  the  analysis  of  its  products  of  combus¬ 
tion,  we  can  obtain  the  total  energy  represented  by  the  ex¬ 
plosive  reaction  even  though  we  may  have  no  knowledge  what¬ 
ever  of  many  of  the  chemical  changes  which  take  place  during 
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the  explosion.  This  depends  upon  the  fact  that  in  any  chemical 
reaction  the  amount  of  heat  that  is  produced  depends  solely 
upon  the  initial  state  of  the  system  and  the  final  state  of  the 
system,  and  is  independent  of  the  nature  of  any  intermediate 
stages.  Suppose  we  have  a  certain  aggregate  of  chemical  ma¬ 
terials,  such  as  gun  powder,  and  after  it  is  ignited  we  have  a 
certain  aggregate  of  decomposition  products.  Each  chemical 
compound  represented  by  the  different  constituents  of  the 
powder  and  the  different  constituents  in  the  explosion  products 
has  a  definite  heat  of  formation,  and  this  represents  its  energy 
relationship  with  regard  to  the  chemical  materials  of  which  it  is 
composed.  The  sum  of  the  heats  of  formation  of  all  the  ma¬ 
terials  entering  into  the  reaction,  subtracted  from  the  sum  of 
the  heats  of  formation  of  all  the  materials  remaining  as  pro¬ 
ducts  of  reaction,  is  the  heat  evolved  by  the  reaction. 

To  obtain  satisfactory  results  by  this  method  accurate 
analyses  of  both  the  explosive  and  its  explosion  products  must  be 
available,  and  accordingly  the  method  is  not  in  any  way 
adapted  to  practical  work,  although  in  scientific  investigations 
it  may  sometimes  be  used  to  advantage.  The  results  obtained 
in  this  way  check  very  closely  with  the  results  obtained  in  the 
explosive  calorimeter,  but  the  determination  in  the  calorimeter 
requires  hut  a  small  fraction  of  the  time  and  work  required  by 
the  method  of  calculation. 

Another .  method  often  used  to  determine  total  energy  is 
the  Trauzl  lead  block,  and  although  this  method  is  by  no  means 
accurate,  its  simplicity,  and  the  fact  that  it  does  not  require 
expensive  apparatus,  thus  making  it  readily  available  to  every 
one,  gives  it  a  considerable  measure  of  importance.  If  we  place 
a  charge  of  the  explosive  to  be  tested  within  a  bore  hole  in  a  block 
of  lead,  upon  firing  the  charge  there  will  occur  a  marked  en¬ 
largement  of  this  bore  hole;  and  if  the  volume  of  the  bore  hole 
is  measured  before  and  after  firing  the  charge,  this  increase  in 
volume  may  be  used  as  a  measure  of  the  work  done  by  the  ex¬ 
plosive. 

To  explain  that  this  is  a  poor  method  I  have  only  to  say 
that  black  powder  gives  with  it  no  result  at  all,  and  yet  the  total 
energy  of  a  good  grade  of  black  powder,  weight  for  weight,  is 
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about  half  the  energy  of  dynamite.  However,  in  dealing  with 
high  explosives  the  method  is  fairly  satisfactory,  and  is  used 
in  the  absence  of  better  methods. 

The  determination  of  total  energy  by  the  ballistic  pendu¬ 
lum  is  also  defective,  but  is  often  used.  If  we  place  a  charge 
of  the  explosive  to  be  tested  within  the  bore  hole  of  a  suspended 
cannon,  or  in  a  stationary  cannon  having  a  suspended1  weight 
in  front  of  it,  there  will  occur  a  swing  of  the  cannon  or  the 
pendulum  which  will  be  roughly  proportional  to  the  energy  of 
the  explosive.  If  we  had  a  very  brisant  explosive,  such  as  ful¬ 
minate  of  mercury,  we  would  disrupt  our  cannon  without  caus¬ 
ing  it  to  swing  at  all,  so  you  can  see  that  the  defects  of  this 
method  are  the  exact  opposite  of  the  Trauzl  block  method,  the 
one  not  giving  high  enough  results  with  explosives  of  high  pro¬ 
pellent  force,  and  the  other  not  giving  high  enough  results  with 
explosives  of  high  percussive  force.  Therefore,  these  two  taken 
together  ought  to  perhaps  strike  an  average  that  would  be 
correct,  the  errors  on  the  two  sides  eliminating  each  other,  and 
these  two  tests  are  sometimes  used  together  with  this  purpose  in 
view. 

Another  method  of  determining  total  energy,  the  Howell 
pendulum,  has  not  yet  come  into  the  literature,  but  I  believe  it 
will  prove  a  most  practical  and  valuable  test.  This  method1  of 
testing  was  proposed  by  Mr.  Spencer  P.  Howell  of  the  Bureau  of 
Mines,  and  depends  upon  the  fact  that  the  energy  used  in  com¬ 
pressing  the  lead  in  the  Trauzl  block  is  not  available  to  cause 
the  swing  of  the  block  if  it  is  hung  suspended  as  a  pendulum, 
and  accordingly  by  putting  a  Trauzl  block  on  its  side,  and  hav¬ 
ing  it  freely  suspended  in  a  stirrup  so  as  to  use  the  block  as  the 
bob  of  a  pendulum  of  long  radius,  all  the  percussive  force  of 
the  explosive  is  used  in  enlarging  the  cavity  in  the  block,  and 
all  of  the  propellent  force  of  the  gases  tends  to  cause  the  block 
to  swing  as  a  pendulum.  By  measuring  the  arc  through  which 
the  lead  block  swings,  and  also  measuring  the  enlargement  of 
the  bore  hole,  we  have  in  one  test  the  means  of  determining  the 
total  energy,  and  also  the  relative  intensity  of  the  two  factors 
into  which  we  divide  this  total. 

Apparatus  of  this  kind  is  inexpensive,  and  any  mining  com- 
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pany  could  improvise  such  a  pendulum  readily.  I  regret  that 
I  have  no  data  showing  the  results  of  tests  with  this  device,  but 
I  hope  that  in  the  near  future  tables  giving  the  results  of  test¬ 
ing  all  the  common  types  of  explosives  by  this  method  will  be 
published,  and  I  believe  no  line  of  study  that  the  Bureau  of 
Mines  could  take  up  would  prove  more  valuable  to  the  mining 
profession  generally. 

I  have  now  covered  the  methods  by  which  the  total  energy 
of  explosives  are  determined,  and  in  the  following  list  you  will 
find  tabulated  the  total  energy  of  a  number  of  explosives,  the 
energy  factor  being  given  in  foot-tons,  kilogram-meters,  and 
calories,  so  that  you  may  select  whichever  of  these  units  best 
suits  your  calculations. 

To  show  the  manner  in  which  energy  data  may  be  utilized, 
T  will  make  a  trial  calculation.  Is  it  possible  to  obtain  figures 
which  will  truly  represent  the  efficiency  of  a  shot  fired  from  a 
rifle,  and  which  will  separate  the  energy  represented  by  the  re¬ 
coil,  the  report,  the  heated  barrel,  etc.  from  the  energy  usefully 
employed?  It  not  only  is  possible,  but  it  represents  as  simple 
a  problem  as  the  calculation  of  the  efficiency  of  a  steam  boiler, 
or  of  an  evaporating  system. 

I  will  take  as  my  example  the  new  army  rifle.  The  army 
0.30  calibre  cartridge  contains  3.1973  grams  of  £  ‘  Pyro-cellulose  ’  ’ 
powder.  The  bullet  weighs  150  grains  and  leaves  the  gun  with 
a  muzzle  velocity  of  2640  ft.  per  second.  The  total  energy  in 
one  gram  of  Pyro-Cellulose  powder  is  958.83  calories,  and  there¬ 
fore,  the  total  energy  of  the  charge  of  3.1973  grams  is  3065.68 
calories.  The  bullet  leaves  the  gun  with  a  velocity  of  2640  ft. 
per  second  (804.57464  meters)  and  as  the  weight  of  the  bullet 
is  150  grains,  or  9.72  grams,  we  have  from  the  usual  equation 
for  kinetic  energy  the  following: 

MV2 

Kinetic  energy  =  — =  751.2  calories 

this  representing  the  energy  of  projectile  as  it  leaves  the  gun. 
The  total  energy  in  the  powder  being  3065.68  calories,  and  the 
energy  of  the  moving  bullet  being  751.2  calories,  we  can  readily 

751  2350 

see  that  -  or  24.5  percent,  represents  the  efficiency 

3065.680 
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TOTAL  ENERGY  OF  EXPLOSIVES. 


Energy  in 

Explosive  foot  tons  from 

1  pound. 

Energy  in 
calories  from 

1  kg. 

Energy  in 
kilogrammeters 
from  1  kg. 

Blasting  gelatine  1 . 

1,148.9 

1,640,000 

700,587 

Blasting  gelatine  4 . 

1,075.3 

1,535,000 

655,732 

(7%  nitrocellulose) 

Blasting  gelatine  5 . 

1.0S5.6 

1,551,000 

662,568 

(7.29%  nitrocellulose) 

Blasting  gelatine  3 . 

996.3 

1,422,000 

607,460 

Nitroglycerine  1  . 

1,107.0 

1,580,000 

674,955 

Nitroglycerine  4  . 

1,029.8 

1,469,800 

627,879 

Nitroglycerine  6  . 

1,157.3 

1,652,000 

705,713 

Nitroglycerine  7  . 

1,099.9 

1,570,000 

670,684 

Dinitroglycerine  5  . 

859.9 

942,000 

402,410 

Dynamite,  75%  1 . 

903.8 

1,290,000 

551,071 

Dynamite,  75%  1 . 

819.7 

1,170,000 

499,809 

Gelatine  dynamite,  65%  3... 

925.5 

1,321,000 

564,314 

Gelatine  dynamite,  65%  4... 

879.6 

1,267,000 

541,246 

Dynamite,  40%  active  dope  1. 

903.8 

1,290,000 

551,071 

Dynamite,  40%  active  dope  8 

864.6 

1,221,400 

527,166 

Dynamite,  30%  active  dope  4 

721.6 

1,030,000 

440,003 

Picric  Acid 1  . 

567.4 

810,000 

346,021 

Picric  Acid  4  . 

611.7 

873,200 

373,020 

Carbonite  No.  1  3 . 

421.1 

601,000 

256,739 

Donarite  3  . 

585.7 

836,000 

357,128 

Aetna  Coal  Powder  A2 . 

517.2 

738,300 

315,392 

Aetna  Coal  Powder  B  2 . 

532.8 

760,500 

324,876 

Carbonite  No.  1  2 . 

539.5 

770,100 

328,977 

Carbonite  No.  2  2 . 

498.6 

711,700 

304,029 

Carbonite  No.  3  2 . 

494.4 

705,700 

301,466 

Carbonite  No.  1,  L.  F.  2.. 

481.1 

686,700 

293,349 

Carbonite  No.  2,  L.  F.  2.. 

465.7 

688,200 

283,990 

Coal  Special  No.  1  2 . 

563.9 

805,000 

343,885 

Coal  Special  No.  2  2 . 

524.8 

772,500 

320,002 

Coalite  No.  1  2 . 

502.6 

717,400 

306,464 

Coalite  No.  2  D  2 . 

553.1 

789,600 

337,307 

Collier  Powder  No.  2  2 . 

388.2 

696,900 

297,707 

Collier  Powder  No.  4  2 . 

533.8 

762,000 

325,516 

Collier  Powder  No.  5  2 . 

603.5 

861,400 

367,979 

Masurite  M.  L.  F.  2 . 

695.5 

992,800 

424,111 

Meteor  A  X  X  O  2 . 

427.8 

610,600 

260,840 

Monobel  2 . 

796.6 

1,137,100 

485,754 

Black  Powder  1 . 

479.9 

685,000 

292,623 

Black  Powder  3 . 

402.1 

574,000 

245,205 

Black  Powder,  F.  F.  F.  2.... 

553.0 

789,400 

337,221 

Mercury  Fulminate  1 . 

287.2 

410,000 

175,147 

Mercury  Fulminate  4 . 

288.1 

411,200 

175,659 

Nitrocellulose  (13.30%  N,)8 

743.2 

1,061,000 

453,245 

Nitrocellulise  (13%  N2)7 . 

770.6 

1,100,000 

469,906 

Nitrocellulose  (13.47%  N,)4 

728.1 

1,039,300 

443,975 

“Pyrocellulose”  powder 

(12.75%  N2)  . 

671.7 

958,830 

409,600 

Nitrocellulose  (12%  N,)1... 

511.4 

730,000 

311,847 

Nitrocellulose  (11.11%  N2)4. 

557.1 

795,100 

339,657 

E.  C.  Powder  8 . 

560.4 

800,000 

341,750 

S.  S.  Powder  (English)  8... 

559.7 

799,000 

341,322 

Troisdorf  (German)  8 . 

660.6 

943,000 

402,837 

Rifleite  (English)  8 . 

605.3 

864.000 

369,090 

B.  N.  (French)  8 . 

583.5 

833,000 

355,847 

Ballistite  (German)  8 . 

904.5 

1,291,000 

551,498 

Cordite  (English)  8  . 

877.9 

1,253,000 

535,265 

Balistite  (Italian 

and  Spanish)8 . 

922.7 

1,317,000 

562,605 

References: 

1  =  Brunswig-.  4  =.  Heise. 

2  =  Bureau  of  Mines.  5  =  Gody. 

3  =  Bichel.  8  =  Juptner. 
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of  the  process,  and  the  bullet  as  it  leaves  the  gun  carries  24.5 
percent  of  the  energy  originally  represented'  by  the  powder.  In 
other  words,  in  the  case  just  outlined,  24.5  percent  of  the  ener¬ 
gy  in  the  explosive  is  effectively  utilized,  and  75.5  percent  of 
the  original  energy  of  the  powder  has  been  dissipated  in  the 
report,  the  heated  barrel  and  other  losses. 

I  do  not  want  to  leave  the  idea  that  we  can  calculate  in  as 
simple  a  manner  as  this  the  energy  effectively  utilized  in  blast¬ 
ing  operations,  but  by  bearing  in  mind  the  fact  that  efficiency 
represents  the  ratio  which  energy  usefully  employed  bears  to 
total  energy,  we  will  find  that  the  energy  relationships  in  blast¬ 
ing  are  not  particularly  difficult. 

DETERMINING  THE  PERCUSSIVE  AND  PROPELLENT  FACTORS  OF 

EXPLOSIVES 

In  order  to  obtain  practical  results  from  the  energy  data 
of  explosives,  it  is  necessary  to  know  the  percussive  and  pro¬ 
pellent  factors  of  the  explosive.  An  explosive  having  a  high 
percussive  ratio  may  be  several  times  as  efficient  in  breaking 
rock  as  another  explosive  of  equal  energy,  but  which  has  a  low¬ 
er  percussive  value,  and  accordingly  the  methods  for  deter¬ 
mining  the  percussion  and  propellent  factors  of  explosives  are 
important. 

It  will  probably  have  already  been  made  clear  that  by  the 
selection  of  suitable  units  for  percussive  and  propellent  factors, 
these  could  be  mathematically  related  to  total  energy.  Up  to 
the  present  time  no  units  have  been  selected  which  make  such 
mathematical  relationship  possible,  but  carefully  conducted  ex¬ 
periments  have  convinced  me  that  to  bring  about  this  result  is 
not  in  any  way  difficult,  and  I  hope  that  we  will  soon  be  able 
to  discuss  these  factors  in  a  definite  way.  It  must,  of  course, 
be  admitted  that  the  division  of  the  energy  might  have  different 
values,  depending  upon  the  nature  of  the  units  selected  for  per¬ 
cussive  and  propellent  force,  respectively,  but  by  taking  suit¬ 
able  units,  probably  based  upon  the  results  of  suspended  Trauzl 
blocks,  this  matter  will  admit  of  ready  solution. 

The  test  now  most  generally  used  in  determining  the  per¬ 
cussive  factor  of  explosives,  is  that  known  as  the  “  small  lead 
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block  test.”  Cylindrical  blocks  of  lead,  usually  1J4  inches  in 
diameter  and  2l/>  inches  in  length  are  used,  and  a  charge  of  the 
explosive  to  be  tested,  usually  50  or  100  grams,  is  made  up  in  the 
form  of  a  cylinder  equal  in  diameter  to  the  lead  block.  A  small 
disc  of  steel  is  placed  between  the  charge  of  explosive  and  the 
lead  block,  and  the  explosive  charge  is  then  fired  by  means  of 
a  detonator  of  suitable  strength.  The  compression  of  the  lead 
block  is  taken  as  a  measure  of  the  percussive  force  of  the  ex¬ 
plosive. 

This  test  forms  a  very  satisfactory  one,  and  is  generally 
used  in  determining  the  “brisance”  of  explosives.  Another 
test,  not  so  generally  used,  and  considerably  more  difficult  of 
application,  is  that  known  as  the  ‘"rate  of  detonation”  test. 
Cartridges  of  the  explosive  to  be  tested  are  arranged  end  to  end, 
sc  as  to  make  a  line  about  one  meter  in  length,  and  by  means 
of  a  chronograph  or  other  electric  recording  device  capable  of 
measuring  time  intervals  of  one-ten/thousandth  of  a  second  or 
less,  the  velocity  of  the  explosive  wave  through  the  line  of  ex¬ 
plosive  is  measured.  On  account  of  the  costly  apparatus  re¬ 
quired,  as  well  as  the  fact  that  the  test  is  very  greatly  in¬ 
fluenced  by  a  number  of  factors,  such  as  the  diameter  of  the  cart¬ 
ridges  used,  the  strength  of  detonator,  the  manner  of  suspension, 
etc.  this  test  has  not  been  widely  used.  In  the  last  two  years, 
through  the  development  by  Dautriche  of  a  very  simple  and  in¬ 
expensive  method  of  measuring  the  rate  of  detonation  of  ex¬ 
plosives,  this  method  promises  to  become  of  increasing  import¬ 
ance. 

The  propellent  factor  of  explosives  is  so  largely  a  matter  of 
the  volume  of  the  gases  produced  by  explosion  that  it  is  natural 
that  the  tests  for  determining  it  should  be  based  upon  measure¬ 
ments  of  gas  pressure  alone.  Although  not  in  any  way  a  satis¬ 
factory  test,  the  pressure  produced  by  a  charge  of  explosive, 
fired  in  a  stout  steel  vessel  many  times  larger  that  the  explosive 
charge,  is  often  used  as  a  measure  of  propellent  force.  It  would 
be  hard  to  justify  the  many  assumptions  required  to  establish 
the  use  of  the  pressure  of  the  explosive  gases,  after  they  have 
cooled,  as  a  measure  of  the  propellent  force  of  the  explosive, 
and  accordingly  I  think  this  method  of  testing  need  not  be  tak¬ 
en  too  seriously. 
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By  means  of  the  pendulum  consisting  of  a  horizontal  Trauzl 
block,  as  suggested  by  Howell,  we  have  a  means  of  determining 
both  percussive  and  propellent  force,  which  for  practical  pur¬ 
poses  seems  to  me  more  satisfactory  than  the  tests  now  used. 
By  selecting  a  proper  size  of  bore  hole,  suitable  weight  of  lead 
block,  etc.  the  swing  of  the  pendulum  could  be  taken  as  a  stand¬ 
ard  of  propellent  force,  and  the  enlargement  of  the  bore  hole 
as  a  measure  of  percussive  force,  and  we  would  necessarily  have 
the  two  in  their  proper  relationship  to  total  energy. 

In  view  of  the  number  of  unsatisfactory  units  already  in 
use,  and  to  the  further  fact  that  the  energy  relationship  between 
these  different  units  has  not  been  worked  out,  it  has  seemed  to 
me  to  be  best,  instead  of.  giving  tables  of  these  different  factors, 
to  present  instead  a  list  of  some  of  the  more  important  explos¬ 
ives  used  in  mining  operations,  arranged  in  a  column  in  the 
order  of  decreasing  percussive  force  and  increasing  propellent 
force.  To  prepare  this  table  I  have  reduced  the  results  of  lead 
block  tests,  rate  of  detonation  tests,  etc.  to  common  standards, 
and  have  then  arranged  the  explosives  so  as  to  represent  equal 
energy.  Any  explosive  in  the  list  given  has  higher  percussive 
force  than  the  explosive  next  below  it,  and  lower  propellent  force. 

COMMON  EXPLOSIVES  ARRANGED  IN  THE  ORDER  OF  DECREASING  PER¬ 
CUSSIVE  FORCE  AND  INCREASING  PROPELLENT  FORCE 

High  Percussive  Force. 

Nitroglycerine. 

Blasting  Gelatine. 

65%  Gelatine  Dynamite. 

60%  Dynamite,  active  dope. 

50%  Dynamite,  active  dope. 

40%  Dynamite,  active  dope. 

30%  Dynamite,  active  dope. 

“40  %”  Ammonia  Dynamite. 

“40  %”  Gelatine  Dynamite. 

Granular  Nitroglycerine  Powder. 

Black  Powder  (fine  grained) 

Black  Powder  (coarse  grained) 


High  Propellent  Force. 
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If  an  explosive  is  being  used  for  any  particular  work, 
and  is  not  proving  to  be  sufficiently  shattering  in  its  work,  the 
explosive  which  for  equal  energy  would  produce  an  increase  in 
percussive  force  is  found  in  the  next  explosive  above  in  the 
table.  In  the  same  way,  if  in  any  blasting  operation  where 
30  percent  dynamite  is  now  used  need  is  felt  for  less  percus¬ 
sive  force  and  higher  propellent  force,  the  table  shows  that  the 
“40  percent”  ammonia  and  “40  percent”  gelatine  dyna¬ 
mite  will  supply  this  need.  This  will  probably  be  plain  when 
considered  in  relation  to  the  table  showing  relative  toughness 
of  rock,  since  in  that  table  all  the  common  types  of  rock  are 
graded  in  a  table,  in  the  order  of  their  decreasing  toughness, 
which  is  the  same  as  the  order  in  which  they  require  increasing 
propellent,  and  decreasing  percussive  force. 

APPLICATION  OF  ENERGY  DATA  TO  PRACTICAL  WORK 

In  blasting  we  call  upon  explosives  to  do  two  different  kinds 
of  work.  First,  solid  rock  must  be  fissured  and  broken ;  second, 
the  pieces  of  rock  thus  separated  by  fissures  must  be  set  in 
motion,  or  “shaken  up”  as  the  quarryman  says.  An  explosive 
that  would  produce  cracks  and  fissures  through  a  mass  of  tough 
rock  but  would  not  move  the  separated  pieces,  would  be  of  but 
little  help  in  mining  or  quarrying,  since  the  mass  would  he  very 
difficult  to  remove  by  either  pick  or  steam  shovel,  and  but  little 
help  would  be  gained  from  the  blast.  In  addition  to  being 
fissured,  a  rock  mass  must  be  “shaken  up”  or  “tumbled  about”, 
and  the  broken  pieces  must  be  removed  from  the  interlocking 
hold  of  surrounding  pieces. 

It  is  the  precussive  force  of  an  explosive  that  produces  in 
any  rock  mass  the  ramifying  cracks  and  fissures  that  form  the 
first  essential  of  blasting,  but  it  is  the  heaving  or  propellent 
force  of  the  explosive  that  sets  these  pieces  in  motion,  and  shakes 
up  the  whole  mass  so  that  its  removal  becomes  possible.  Clearly 
the  ideal  explosive  is  the  one  that  combines  in  proper  propor¬ 
tion  these  two  factors  of  heaving  and  propellent  force. 

It  is  interesting  to  note  that  an  excess  of  either  heaving  or 
propellent  force  is  of  no  advantage  in  blasting  and  may  even 
prove  a  decided'  disadvantage.  An  excess  of  percussive  force 
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breaks  the  rock  too  fine,  and  tends  to  pack  these  fine  fragments 
together;  while  an  excess  of ‘propellent  or  heaving  force  tends 
to  throw  the  pieces  of  rock  to  great  distances,  frequently  with 
serious  results.  An  ideal  blast  produces  but  little  noise,  fissures 
the  rock  to  the  proper  extent,  and  lifts  the  whole  mass  blasted 
to  a  slight  extent,  allowing  it  to  fall  back  in  re-arranged  posi¬ 
tion,  ready  to  be  easily  removed  by  hand  labor  or  by  steam 
shovel. 


TOUGHNESS  OF  ROCKS. 


Kind  of  Rock 

Relative 
Toughness 
(Limestone  —  1) 

Foot  pounds 
per  sq.  foot 
of  fracture 

Kgm.  per 
square  meter 
of  fracture 

Fresh  diabase  . 

.  3.0 

624.9 

930 

Pyroxene  quartzite  . 

.  2.7 

562.4 

837 

Sandstone  . 

.  2.6 

541.6 

806 

Altered  diabase  . 

.  2.4 

499.9 

744 

Fresh  basalt  . 

.  2.3 

479.1 

713 

Hornblende-schist  . 

.  2.1 

437.4 

651 

Diorite  . 

.  2.1 

437.4 

651 

Hornblende  granite  . 

.  2.1 

437.4 

651 

Rhyolite  . . 

.  2.0 

416.6 

620 

Quartzite  . 

.  1.9 

395.7 

589 

Biotite  gneiss  . ■. . 

.  1.9 

395.7 

589 

Augite-diorite  . 

.  1.9 

395.7 

589 

Altered  basalt  . 

. .  1.7 

354.1 

527 

Feldspathic  sandstone  .... 

.  1.7 

354.1 

527 

Gabbro  . 

.  1.6 

333.2 

496 

Chert  . 

.  1.5 

312.4 

465 

Calcareous  sandstone  . 

.  1.5 

312.4 

465 

Granite  . 

. .  1.5 

312.4 

465 

Slate  . 

.  1.2 

249.9 

372 

Peridotite  . 

.  1.2 

249.9 

372 

Granite-gneiss  . 

.  1.2 

249.9 

372 

Andesite  . 

.  1.1 

229.1 

341 

Limestone  . 

.  1.0 

208.3 

310 

Mica -schist  . 

.  1.0 

208.3 

310 

Amphibolite  . 

.  1.0 

208.3 

310 

Dolomite  . 

.  1.0 

208.3 

310 

Biotite-granite  . 

.  1.0 

208.3 

310 

Augite-syenite  . 

.  1.0 

208.3 

310 

Hornblende-gneiss  . 

.  1.0 

208.3 

310 

For  a  very  tough  rock  we  require  an  explosive  of  high 
percussive  force  and  low  propellent  force,  and  for  a  soft  rock 
we  require  particularly  a  high  propellent  force,  even  the  ab¬ 
sence  of  a  notable  amount  of  percussive  force  being  but  little 
disadvantage.  In  clay,  for  example,  the  use  of  explosives  of 
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even  medium  percussive  force  results,  not  in  breaking  the  ma¬ 
terial,  but  in  further  compacting  it,  and  so  for  excavation  in 
earth  and  soft  clay  gun  powder  and  low-grade  granular  nitro¬ 
glycerine  powders  are  used  exclusively. 

Remembering  that  a  very  tough  rock  requires  an  explosive 
of  high  percussive  force,  the  value  of  tables  showing  the  relative 
toughness  of  different  rock  becomes  evident,  and  I  have  prepared 
from  the  data  given  by  E.  C.  C.  Lord  in  Bulletin  31  of  the 
Office  of  Public  Roads,  Department  of  Argiculture,  a  table  giv¬ 
ing  the  toughness  of  the  common  rock  types,  together  with  the 
energy  required  to  produce  fracture.  In  tabulating  the  energy 
required  to  produce  definite  areas  of  fracture,  I  have  taken  the 
weight  and  height  of  fall  of  the  test  hammer,  and  have  then 
compared  this  with  the  area  over  which  fracture  has  occurred 
in  the  test  specimen. 

THE  DIRECTION  IN  WHICH  THE  ENERGY  OF  EXPLOSIVES  IS  EXERTED 

Xo  true  science  of  chemistry  was  possible  as  long  as  the  old 
idea  that  matter  could  be  created  and  destroyed  existed,  and 
in  the  study  of  explosives  upon  a  sound  energy  basis,  we  must 
give  thought  to  the  old  superstition  that  ‘‘explosives  strike  down¬ 
ward'’,  since  if  it  be  true  that  explosives  exert  a  greater  pro¬ 
portion  of  their  energy  in  one  direction  than  in  another,  it  is 
evident  that  an  accurate  knowledge  to  total  energy  will  be  of 
no  use  to  us,  unless  we  can  also  find  out  the  percentage  of  this 
energy  which  is  exerted  in  different  directions. 

This  matter  has  received  the  careful  attention  of  several 
authorities  on  explosives,  and  a  number  of  experiments  have 
been  made  to  show  that  the  effects  of  explosives  are  indeed  equal 
in  all  directions.  The  most  interesting  and  convincing  of  these 
experiments  were  made  by  the  noted  authority  on  explosives, 
Dr.  Charles  E.  Munroe,  who  placed  discs  of  gun  cotton  against 
plates  of  iron  and  steel,  and  showed  that  the  holes  made  by  t lie 
explosive  were  equally  large,  whether  the  disc  of  gun  cotton  was 
placed1  above  or  below  the  metal  plate. 

From  the  earliest  use  of  nitroglycerine  and  dynamite  in 
blasting  operations  there  had  grown  up  a  strong  popular  belief 
in  the  fact  that  these  explosives  exert  their  principal  effect 
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downward.  Before  the  discovery  of  nitroglycerine  the  com¬ 
mon  explosive  agent  in  all  mining  operations  was  black  powder, 
and  this  explosive  produces  but  little  percussive  effect.  When 
a  mass  of  black  powder,  for  example,  was  simply  placed  upon 
a  stone  and  ignited,  a  flash  of  flame  and  a  puff  of  smoke  were 
the  only  phenomena  noted,  and  under  no  conditions  could  a 
fracture  of  the  rock  be  brought  about.  With  nitroglycerine  and 
dynamite  such  conditions  no  longer  prevail,  and  when  a  mass  of 
dynamite  is  detonated,  the  fracture  of  the  rock  into  many  pieces 
is  usually  brought  about.  What  more  natural  than  that  the 
observer  should  believe  that  the  explosive  “ struck  downward’*, 
since  it  is  clear  that  above  the  rock  there  was  apparently  no 
confining  material. 

With  mining  men  better  versed  in  the  action  of  explosives, 
there  has  been  a  realization  of  the  fact  that  high  explosives  exert 
their  power  equally  in  all  directions,  but  in  the  absence  of  defi¬ 
nite  proof  it  has  been  hard  to  convince  many  persons  that  the 
principal  force  of  an  explosive  was  not  directed  in  some  un¬ 
known  manner,  like  the  force  of  gravity,  in  the  direction  of 
the  earth. 

When  an  explosive  evolves  its  gases  so  slowly  that  they  can 
readily  displace  the  air  about  the  explosive,  it  is  clear  that  no 
direct  dynamic  effects  will  be  produced  upon  the  materials  sup¬ 
porting  the  explosive.  The  more  rapidly  the  gas  is  evolved 
from  the  explosive  the  less  easily  can  the  atmosphere  be  dis¬ 
placed  by  the  gases  resulting.  Today,  when  the  supporting 
power  of  the  atmosphere  is  so  well  recognized  and  is  made  use 
of  in  supporting  aeroplanes  with  their  engines  and  passengers, 
we  have  a  much  clearer  idea  of  the  mass  of  the  air,  its  inertia, 
and  its  resistence  to  rapid  motion,  than  our  forefathers  could 
have  had  but  a  comparatively  few  decades  ago. 

The  resistance  of  the  air  to  a  sudden  pressure  may  be  in¬ 
terestingly  illustrated  by  analogy  with  water.  When  a  body 
is  allowed  to  fall  through  water  it  meets  with  but  little  resist¬ 
ence,  the  water  moving  aside  and  allowing  it  passage.  When  a 
rapidly  moving  object,  however,  strikes  the  water,  even  the 
surface  of  the  liquid  may  act  like  an  almost  rigid  body.  This 
fact  is  probably  best  appreciated  by  those  who,  in  diving,  have 
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made  an  unlucky  landing,  and  have  found  that  the  body  upon 
striking  the  surface  of  the  water  meets  with  an  impact  some¬ 
times  almost  as  severe  as  would  be  met  with  in  striking  a  solid 

body. 

But  analogies,  however  interesting,  are  seldom  sufficient  to 
convince  the  “practical  man”  whose  mind  is  made  up  in  ad¬ 
vance  in  connection  with  his  views,  and  who,  in  his  every  day 
blasting  operations,  believes  that  explosives  only  “strike  down  '. 
By  positive  and  direct  evidence  only  can  such  person  be  con¬ 
vinced,  and  to  give  a  definite  answer  to  this  problem  I  made 
some  time,  ago  some  tests  extending  the  method  formerly  used 
by  Munroe,  but  used  the  compression  produced  in  small  lead 
blocks,  instead  of  the  hole  made  in  iron  plates,  as  the  measure 
of  force.  It  is  evident  that  the  compression  of  the  lead  block 
can  be  used  as  a  direct  and  quantitative  measure  of  the  blow 
produced  by  an  explosive,  and  it  therefore  appears  that  we  have 
here  an  admirable  method  for  determining  whether  or  not  the 
principal  force  of  an  explosive  is  directed  downward.  Suppose, 
for  example,  that  exactly  similar  lead  blocks  are  taken  and 
equal  explosive  charges  are  used,  but  in  some  of  the  tests  the 
compression  of  the  lead  blocks  is  produced  by  a  charge  of  ex¬ 
plosive  placed  upon  its  upper  surface,  while  in  other  tests  the 
explosive  charge  is  placed  against  the  under  surface  of  the 
block.  Under  these  conditions,  if  the  belief  that  the  principal 
force  of  the  explosive  “works  downward”  has  any  basis  in  fact, 
the  lead  blocks  having  the  explosive  charge  placed  against  their 
under  surface  should  be  much  less  compressed  than  where  the 
charge  was  placed  above  the  block. 

To  place  this  matter  upon  a  definite  footing  I  made  some 
tests  with  each  of  three  different  types  of  dontonating  explosives, 
and  with  each  of  these  types  of  explosives  four  tests  were  made. 
In  the  first  two  tests  with  each  kind  of  explosive  the  charge 
was  placed  above  the  lead  block,  so  as  to  measure  the  downward 
pressure  produced,  and  in  the  following  two  tests  t lie  lead  block 
was  placed  above  the  charge  of  explosive,  the  explosive  and  lead 
block  being  held  firmly  in  position,  so  as  to  have  as  rigid  a  sup¬ 
port  as  the  first  blocks  had,  which  rested  upon  the  ground.  The 
results  of  the  tests  are  shown  in  the  accompanying  photograph. 
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and  it  will  be  readily  seen  that  the  four  blocks  made  with  each 

%/ 

explosive  are  equally  compressed,  regardless  of  whether  the 
explosive  charge  was  placed  above  or  below  the  block. 


Fig.  1 

Here,  then,  we  have  a  practical  test  to  convince  the  prac¬ 
tical  man,  and  measurements  of  the  lead  blocks  in  each  of  the 
series  shows  that  the  blocks  compressed  by  the  “upward  action 
of  the  explosive  are  compressed  to  the  identical  amount  with 
the  lead  blocks  subjected  to  the  “downward”  action  of  the  ex¬ 
plosive.  As  this  test  would  show  even  a  very  small  difference 
in  force  if  this  really  existed,  we  will  have  to.  put  away  the  be¬ 
lief  that  “explosives  exert  their  practical  efforts  downward.” 
There  is  really  not  the  slightest  evidence  available  to  show  that 
the  energy  of  explosives  is  naturally  exerted  more  in  one  direc¬ 
tion  than  in  another. 

COMMON  LOSSES  OF  ENERGY  IN  THE  USE  OF  EXPLOSIVES 

In  the  use  of  explosives  not  suited  to  the  work  which  they 
are  called  upon  to  perform  we  find  the  most  serious  of  the 
common  losses  of  energy  in  explosives  work.  The  quarryman 
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finds  that,  as  the  quarry  becomes  deeper,  the  rock  breaks  in  a 
less  satisfactory  manner  than  did  the  upper  layers.  The  fact 
is  that  the  rock  through  which  surface  weathering  has  gone 
was  decidedly  lacking  in  the  toughness  which  characterizes  the 
rock  mass,  and  after  the  surface  layers  are  removed  the  harder 
and  tougher  rock  below  begins  to  give  trouble.  The  proper  pro¬ 
cedure  would  be  to  meet  this  increasing  toughness  of  the  rock 
by  increasing  percussive  force  in  the  explosive,  but  this  the 
quarryman  often  fails  to  do.  Instead  he  increases  the  amount 
of  explosive  used,  and. often  wastes  a  very  large  percentage  of 
the  total  energy  present. 

If  I  take  a  sound  granite  cobblestone  and  hit  it  with  a  light 
hammer,  the  elasticity  of  the  rock  will  cause  the  hammer  to 
rebound  each  time,  and  even  after  hundreds  of  blows  the  rock 
will  remain  unbroken.  In  general,  you  cannot  make  up  for  lack 
of  percussive  force  through  the  use  of  an  increased  amount  of 
propellent  force  and  even  though  by  the  use  of  excessive  charges 
the  rock  may  be  broken,  the  waste  exists  in  about  the  same  ratio. 

Another  way  in  which  explosives  are  wasted  through  lack 
of  adaptation  to  the  material  being  blasted  is  where  explosives 
of  high  percussive  force  are  used  in  the  excavation  of  soft  ma¬ 
terial.  This  waste  is  not  so  important  as  the  other,  since  more 
mining  men  are  familiar  with  the  effect  produced,  and  among 
the  more  intelligent  mining  foremen  the  term  “killing  the  shot” 
has  come  to  be  used  to  explain  the  phenomena  connected  with 
the  firing  of  explosives  of  high  percussive  force  in  soft  material. 
Experience  has  shown  that  the  use  of  explosives  of  high  percus¬ 
sive  force  in  very  soft  materials  may  lead  to  the  loss  of  more 
than  90  percent  of  the  energy  present,  and  I  have  seen  cases 
where  high  explosives  were  fired  in  clay  and  soft  earth  where 
it  seemed  evident  that  as  little  as  one  or  two  percent  of  the 
energy  of  the  explosive  was  utilized.  For  very  soft  materials, 
particularly  earth  excavation,  black  blasting  powder  and  the 
low-grade  granular  nitroglycerine  explosives  are  alone  suited. 
With  somewhat  tougher  materials'  the  ammonia  and  gelatine 
dynamites,  and  the  low-grade  dynamites  are  adapted.  In  the 
table  which  I  have  given  showing  the  relative  toughness  of  dif¬ 
ferent  common  types  of  rock  the  selection  of  suitable  explosives 


672  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

should  not  prove  difficult  if  it  is  remembered  that  each  rock 
is  tougher  than  the  rock  which  immediately  follows  it  in  the 
table,  and  that  increasing  toughness  requires  increasing  percus¬ 
sive  force  in  the  explosive. 

Another  serious  loss  of  energy  connected  with  the  use  of 
explosives  is  through  the  employment  of  detonators  too  weak 
to  properly  explode  the  charge.  To  obtain  the  maximum  amount 
of  energy  from  high  explosives  requires  a  sufficient  initial  deto¬ 
nating  charge,  and  the  use  of  weak  detonators,  almost  always 
loses  a  greater  percentage  of  the  energy  of  the  explosive  than  is 
warranted  by  the  difference  in  cost  of  the  weaker  detonator. 

In  the  past  there  has  been  considerable  difficulty  in  properly 
grading  detonators  of  different  sizes  and  composition,  and  of 
the  many  tests  that  have  been  suggested  few  have  much  merit. 
It  should  be  clear  that  it  is  ability  to  bring  about  the  detonation 
of  an  explosive  charge,  and  not  mere  strength,  that  we  desire 
in  a  detonator,  and  accordingly  all  the  tests  which  depend  upon 
the  distortion  of  blocks  of  lead,  the  blowing  of  holes  through 
metal  plates,  the  bending  of  wires,  or  the  “ spatter”  on  soft 
surfaces,  are  practically  without  value  as  means  of  distinguish¬ 
ing  good  detonators  from  poor  ones.  Carefully  conducted  ex¬ 
periments  have  shown  that  strength  alone,  such  as  is  shown  by 
the  ability  to  distort  metal  surfaces,  or  even  as  measured  on  an 
energy  scale,  is  absolutely  no  criterion  in  regard  to  the  ability 
to  produce  detonation  in  an  explosive  charge.  Fulminate  of 
mercury  is  many  times  more  efficient  as  an  initial  detonating 
agent  than  is  nitroglycerine,  for  example,  although  the  total 
energy  in  a  given  weight  of  nitroglycerine  is  fully  three  times 
as  great  as  the  energy  in  mercury  fulminate.  Another  case  is 
known  where  one  explosive  is  more  than  twenty  times  as  effi¬ 
cient  in  producing  detonation  as  another  material,  although  the 
total  strength  of  the  two  materials  on  an  energy  basis  is  about 
the  same. 

To  properly  grade  detonators  would  seem  to  require  some 
method  which  measures  the  ability  of  the  compound  being  test¬ 
ed  to  produce  chemical  decomposition,  or  which  measures  some 
factor  which  bears  a  direct  relationship  to  this  property.  After 
a  number  of  tests  I  found  two  methods  which  seem  to  give 
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ouite  satisfactory  results.  One  of  these  methods  depends  upon 
the  chemical  decomposition  of  a  very  feebly  endothernic  body, 
such  as  oxalate  of  copper,  the  amount  of  the  chemical  which  is 
decomposed  by  the  detonator  being  taken  as  a  measure  of  its 
strength.  The  second  method  depends  upon  the  disintegration 
of  sand  placed  within  a  strong  steel  vessel  with  the  detonator. 
The  sand  used  is  previously  sieved  and  only  such  material  is 
taken  as  is  held  upon  a  40-mesh  sieve,  after  having  passed 
through  a  20-mesh  sieve.  The  disintegrating  effect  of  the  deto¬ 
nator  in  pulverising  sand  seems  to  bear  a  rather  constant  rela¬ 
tionship  to  its  ability  to  initiate  detonation,  and  the  ease  with 
which  the  test  is  made  and  the  accuracy  of  the  results  so  far 
obtained  indicate  that  this  method  will  be  of  considerable  import¬ 
ance  in  the  grading  of  detonators. 

Among  other  common  losses  of  energy  in  the  use  of  ex¬ 
plosives  that  should  be  referred  to,  the  loss  which  comes  from 
insufficient  use  of  stemming  material  (tamping)  is  probably  the 
most  important.  Several  years  ago  I  devised  a  simple  test  which 
would  enable  the  relative  effects  of  different  kinds  of  stemming 
material  to  be  quantitatively  measured,  and  with  the  same  device 
it  was  found  possible  to  also  determine  the  relative  efficiency  of 
different  shots,  fired  with  and  without  the  use  of  stemming. 
The  results  of  these  tests  have  been  published  as  Technical 
Paper  No.  17,  Bureau  of  Mines,  in  which  you  will  find  the  full 
details  both  in  regard  to  the  manner  in  which  the  test  was  per¬ 
formed  and  the  results  obtained  with  many  kinds  of  stemming 
materials.  It  was  found  that  the  use  of  ample  stemming  ma¬ 
terial,  well  tamped,  increased  the  effects  of  explosives  by  from 
60  percent  to  as  much  as  93  percent.  Even  the  least  efficient 
stemming  materials  materially  increased  the  efficiency  of  all  the 
explosives  used,  while  the  use  of  efficient  stemming  material, 
such  as  fire  clay,  for  example,  showed  that  one-half  the  explosive 
could  be  used  when  so  tamped,  and  give  equal  efficiency  with  a 
full  charge  when  used  without  stemming  material.  I  believe 
that  a  proper  appreciation  of  the  value  of  well-stemmed  shots 
will  lead  to  the  saving  of  hundreds  of  thousands  of  dollars  an¬ 
nually  to  the  mining  industry. 
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DISCUSSION 

Mr.  S.  P.  Howell:*  During  the  last  few  months  I  have 
been  interested  in  the  subject  of  the  devices  used  to  cause  the 
detonation  of  high  explosives  and  a  simple  cheap  method  of  de¬ 
termining  the  strength  of  detonators  and  electric  detonators. 
It  is  upon  this  subject  I  wish  to  speak  briefly.  An  investigation 
pursued  by  the  explosives  section  of  the  U.  S.  Bureau  of  Mines 
led  to  the  conclusion  that  a  certain  test  is  well  adapted  to  de¬ 
termining  the  strength  of  detonators.  The  conclusion  was  reach¬ 
ed  after  a  very  elaborate  series  of  tests  with  various  grades  of 
electric  detonators  reaching  from  No.  3,  which  contains  0.54 
of  a  gram  of  mercury  fulminate  composition,  to  No.  8,  which 
contains  two  grams  of  the  same  composition.  We  could  expect 


Fig.  2. 


♦Engineer,  U.  S.  Bureau  of  Mines,  Pittsburgh. 
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Fig.  3. 

that  the  strength  of  these  detonators  would  increase  with  the 
grade  of  the  detonator,  that  Xo.  4  would  be  stronger  than  No. 
3  and  No.  5  than  Xo.  4,  etc.  We  did  not  find  this  to  he  entirely 
true  because  the  Xo.  5  detonators  which  we  had  were  very  old 
and  therefore  defective.  We  tested  the  strength  of  these  electric 
detonators  indirectly  by  determining  the  probability  of  each  one 
to  do  what  it  was  designed  to  do ;  namely,  to  cause  detonation 
of  high  explosives.  Furthermore,  the  explosive  efficiency  of  each 
grade  of  electric  detonator  was  determined  by  noting  the  me¬ 
chanical  effects  of  the  explosives  with  which  they  were  used. 

The  results  of  these  experiments  show  that  the  average 
efficiency  of  four  different  explosives  was  increased  10.4  percent 
when  a  No.  6  electric  detonator  was  used  instead  of  a  No.  4 
electric  detonator,  and  the  average  percentage  of  failures  of  six 
different  explosives  to  detonate  was  increased  20  percent  when 
No.  4  electric  detonators  were  used  instead  of  Xo.  6  electric  deto¬ 
nators.  We  tried  all  the  then  known  direct  methods  for  deter¬ 
mining  the  strength  of  detonators  and  found  none  of  them  ade- 


676 


PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 


quate.  These  methods  varied  greatly  among  themselves  and  no 
one  of  them  corresponded  to  the  explosive  efficiency  of  the 
electric  detonators. 

The  test  which  I  speak  of  as  being  adequate  for  determining 
the  strength  of  electric  detonators  consists  of  tying  a  nail  close  to 
a  detonator  or  electric  detonator  and  measuring  the  angle  ot 
the  nail  which  is  formed  by  the  explosion.  We  used  a  20-pennv 
wire  finishing  nail,  four  inches  long,  which  was  separated  from 
the  detonator  by  two  No.  22  B.  &  S.  gage  copper  wires — the 
wires  used  in  the  electric  detonator. 

The  following  table  gives  the  grade  of  the  electric  deto¬ 
nator,  the  weight  of  its  charge,  and  the  average  angle  of  the 
nails  bent  by  each  as  determined  by  five  trials: 

Results  of  nail  tests  for  determining  the  strength  of  various 

grades  of  electric  detonators. 


Grade 

Charge 

Average  an£ 

Grams 

Degrees 

No.  3 

0.54 

9.2 

No.  4 

0.65 

12.8 

No.  5 

0.80 

11.8 

No.  6 

'  1.00 

24.4 

No.  7 

1.50 

55.2 

No.  8 

2.00 

81.2 

I  have  some  pictures  here  which  will  show  the  results  of  the 
tests  of  the  different  electric  detonators. 

Mr.  A.  Stucki:*  The  speaker  in  referring  to  the  sub¬ 
merging  method  said  that  all  the  energy  emanating  from  the 
explosion  would  be  given  off  in  form  of  heat  and  recorded  by 
the  temperature  of  the  water.  Isn't  some  of  the  energy  used 
up  in  form  of  work  when  the  metal  is  expanding? 

The  Author  :  The  steel  bottle  in  which  the  charge  is  fired 
is  quite  large  and  its  form  is  not  in  any  way  changed.  It  is 
sufficiently  thick  that  it  is  not  altered  in  shape.  At  the  moment 
of  explosion  certain  chemical  reaction  takes  place  and  the  gas 
is  violently  sent  out  against  the  sides,  and  part  of  the  energy 
is  set  free  in  heat  and  the  rest  exists  as  motion.  But  these  gas 

♦Consulting  Engineer,  Oliver  P>uilding,  Pittsburgh. 
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molecules  strike  the  sides  and  by  the  law  of  thermo-dynamics 
when  quiet  is  reached  within  the  cylinder  all  the  energy  which 
was  resident  in  the  explosion  has  been  set  free,  that  is,  all  that 
is  not  still  resident  in  such  forms  as  C02.  This  is  a  principle 
which  is  today  universally  recognized  and  which  forms  the  basis 
of  the  use  of  the  calorimeter.  If  the  container  were  of  lead  and 
were  bent  then  some  energy  would  have  been  used  in  that  bend¬ 
ing.  But  the  amount  of  the  explosive  used  is  not  sufficient  to 
permanently  distort  the  steel  container. 

Mr.  A.  Stucki:  Isn’t  there  some  distortion  in  the  metal 
itself?  The  internal  strains,  it  looks  to  me,  would  expand  the 
vessel  temporarily,  and  when  it  again  contracts  heat  would  not 
be  given  off  then,  would  it? 

The  Author  :  Yes,  sir.  I  cannot  sav  more  than  that  as  a 
result  of  our  experiments  we  know  this  method  to  be  extremely 
accurate.  That  is  to  say  calorimetry  approaches  in  accuracy  the 
results  we  obtain  by  ordinary  chemical  analysis.  If  there  be 
energy  given  out  in  any  other  form,  at  least  the  results  we  ob¬ 
tained,  account  for  fully  99  percent,  and  in  most  cases  they  will 
account  for  100  percent,  of  the  original  energy. 

Mr.  J.  0.  Handy  *.t  Dr.  Snelling  spoke  of  the  relative 
amount  of  energy  in  the  several  grades  of  dynamite  being  nearly 
the  same.  Did  I  correctly  understand  that  point?  He  did  not 
mean  the  actual  amount  of  work  which  could  be  gotten  out  of 

them? 

The  Author  :  That  is  what  I  did  mean.  The  total  amount 
of  work  there  is  the  same  but  we  do  not  buy  energy  in  the  ex¬ 
plosive  regardless  of  the  form  in  which  it  is  produced.  We  buy 
the  explosive  that  has  the  amount  of  energy  in  the  form  required 
for  a  particular  work.  If  a  hard  granite  rock  is  to  be  broken,  we 
want  all  the  energy  delivered  in  a  short,  sharp  blow.  On  the 
other  hand  if  we  are  blasting  shale  we  simply  want  to  stir  it  up 
so  the  shovel  can  take  it  out.  It  happens,  however,  that  a  pound 
of  60  percent  dynamite  exploding  gives  out  only  about  the  same 
energy  as  a  pound  of  low  grade  dynamite.  One  produces  a  sud¬ 
den  blow  and  the  other  does  not  and  we  have  to  pay  more  for  the 
sudden  blow.  In  other  words  it  costs  more  to  get  energy  in  the 

•{•Director  of  Research,  Pittsburgh  Testing  Laboratory,  Pittsburgh. 
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form  of  a  blow  than  to  get  the  same  amount  of  energy  in  the 
form  of  a  push.  The  fault  is  with  the  man  who  buys  an  explosive 
that  gives  a  percussive  blow  when  what  he  wants  is  something  to 
stir  up  a  mass  of  rock ;  or  with  the  other  man  who  uses  five  times 
as  much  explosive  as  he  needs  when  he  wants  to  break  his  rock 
because  he  uses  an  explosive  that  produces  a  push  instead  of  a 

blOAV. 

Mr.  J.  H.  Harlow  I  have  been  much  interested  in  the 
paper  and  it  is  another  illustration  of  the  present  day  method  of 
analyzing  from  a  scientific  standpoint,  questions  that  in  the  past 
have  been  a  matter  of  the  individual  judgment.  The  judgment  of 
the  individual  is  more  or  less  influenced  by  the  make  up  of  the 
man,  and  does  not  always  agree  with  the  judgment  of  others. 
I  think  Dr.  Snelling’s  way  the  best.  But  after  all  whatever 
test  we  may  apply  to  the  explosive  to  be  used,  we  must  make  the 
selection  that  our  judgment,  formed  by  our  experience  from  re¬ 
sults  in  blasting  the  various  kinds  of  material,  indicates  to  be 
the  best.  In  most  operations  there  is  a  complication  of  conditions, 
and  we  must  make  use  of  such  an  explosive  as  will  most  nearly 
conform  to  a  majority  of  the  conditions.  In  clays  or  soft  rock 
we  have  used  black  powder  because  it  is  slower  burning  and  after 
starting  the  clay  or  rock  it  will  push  the  mass  forward  or  out. 

The  character  of  the  explosive  also  depends  upon  what  we 
want  to  do  with  the  material  blasted,  and  its  location.  Whether 
we  want  to  put  the  rock  in  the  fill  or  waste  bank,  or  whether 
it  is  to  be  used  for  dimension  stone,  rubble  etc. ;  whether  the  rock 
is  in  a  tunnel,  an  open  through  cut,  or  on  the  side  hill ;  and  also 
how  it  is  to  be  handled  after  blasting. 

The  Author  :  In  the  last  few  years  where  methods  of  heat 
measurement  have  come  into  use  we  have  found  that  hitherto  the 
“  indispensible  ”  man,  who  can  look  into  the  furnace  and  tell  us 
how  hot  it  is,  comes  a  few  hundred  of  degrees  away  from  the 
pyrometer  which  is  right  there  and  gives  the  correct  tempera¬ 
ture.  A  great  deal  of  explosive  is  misused  and  an  enormous 
amount  at  far  less  than  its  greatest  efficiency.  At  the  present 
time  it  is  almost  impossible  to  correct  that  mistake  because  of 
the  absence  of  tables  of  this  type.  It  will  have  to  be  a  matter 

♦Chief  Engineer,  Susquehanna  Power  Co.,  Darlington,  Md. 
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that  future  years  will  have  to  develop,  because  much  of  this  in¬ 
formation  is  not  available. 

Mr.  S.  P.  Howell:  Dr.  Snelling  made  the  statement  that 
he  is  not  favorably  impressed  with  the  value  of  the  rate  of  de¬ 
tonation  test.  On  the  other  hand,  from  a  scientific  or  engineering 
standpoint,  it  seems  to  me  that  the  rate  of  detonation  is  one  of 
the  few  factors  that  is  important  as  one  of  the  fundamental 
characteristics  of  explosives  that  will  assist  the  engineer  in  ap¬ 
plying  them  properly.  The  FF  black  blasting  powder  has  a 
rate  of  burning  of  about  469  meters  per  second.  That  is  very 
fast.  But  the  rate  of  detonation  of  40  percent  straight  nitro¬ 
glycerin  dynamite  is  about  4772  meters  per  second  or  about  ten 
times  as  fast  as  the  FF  black  blasting  powder.  In  moving  a 
large  log  if  we  have  twenty  men  to  roll  it  and  they  all  push  at 
once  it  is  easy  to  roll  it.  But  if  one  pushes  and  then  another 
and  then  another  it. does  not  amount  to  much ;  similarly,  the  time 
that  it  takes  an  explosive  to  burn,  or  detonate,  is  an  important 
factor  in  determining  its  mechanical  effect  on  the  material  with 
which  it  is  in  contact. 

Mr.  J.  0.  Handy  :  I  would  like  to  ask  if  it  is  always  the 
case  as  it  appeared  to  us  when  we  were  engaged  in  blasting 
operations  in  a  small  way.  We  always  felt  the  explosion  through 
the  ground  before  we  could  hear  it  through  the  air.  Is  that  true 
only  of  certain  types  of  explosives? 

The  Author:  I  do  not  believe  it  is  an  illusion.  The  first 
experiment  was  made  many  years  ago  in  regard  to  the  ve¬ 
locity  of  sound.  They  suspended  a  bell  in  water  under  a  boat 
and  determined  the  time  which  was  required  for  the  vibrations 
of  the  bell  to  travel  a  definite  distance  in  the  water  and 
through  the  air,  and  certain  rather  definite  laws  were  worked 
out,  showing  that  vibrations  went  through  any  medium  with 
a  certain  definite  relationship  to  the  density  of  the  medium. 
Two  shocks  are  very  frequently  felt  from  an  explosion  one  go¬ 
ing  through  the  ground  and  the  other  through  the  air. 

Mr.  J.  0.  Handy  :  In  the  case  of  that  very  disastrous  ex¬ 
plosion  in  New  York  harbor  not  long  ago  has  there  been  any 
perfectly  satisfactory  theory  as  to  what  happened?  They  were 
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transferring  dynamite  from  a  freight  car  to  a  lighter,  sliding 
the  boxes  down  on  planks  and  the  men  who  could  have  told  about 
it  were  not  there  to  tell  afterwards.  There  has  been  an  in¬ 
vestigation  made  and  a  report  issued  but  I  do  not  know 
whether  it  is  perfectly  satisfactory  or  not. 

The  Author:  I  do  not  have  any  personal  knowledge  of 
that  explosion.  The  facts,  however,  seem  to  indicate  that  it  was 
not  a  dynamite  explosion.  The  company  owning  the  powder 
which  was  being  transported  maintain  that  it  was  entirely  a 
black  powder  explosion.  This  may  be  true.  The  weather  was 
cold  and  frozen  dynamite  in  large  quantities  was  found  un¬ 
exploded.  The  destruction  was  not  what  it  would  have  been 
had  the  dynamite  exploded. 

Mr.  J.  0.  Handy  :  What  would  you  say  on  the  general 
subject  of  the  safety  of  handling  dynamite?  Is  there  danger 
of  exudation  from  dynamite  under  certain  conditions  in  trans- 
poration  ? 

The  Author:  I  believe  that  with  proper  handling  dyna¬ 
mite  is  a  remarkably  safe  explosive.  Things  that  we  see  hap¬ 
pen  around  us  every  day  force  us  to  that  conclusion.  We  know 
of  boxes  of  dynamite  that  have  fallen  50  to  150  ft.  and  have 
been  completely  splintered  but  without  exploding.  I  know  of  a 
railroad  accident  where  a  carload  of  dynamite  was  smashed  up 
and  in  a  badly  wrecked  condition  but  did  not  explode.  I  be¬ 
lieve  that  dynamite  is  a  much  safer  material  to  use  than  black 
powder.  Black  powder  explodes  immediately  upon  contact  with 
flame.  A  considerable  amount  of  dynamite  will  flame  and  burn 
for  several  minutes  before  it  will  explode.  I  have  seen  dyna¬ 
mite  misused  time  after  time  and  it  is  slow  to  anger.  It  will 
explode  under  certain  definite  conditions,  but  there  is  nothing 
freakish  about  its  action.  When  you  put  it  in  an  oven  it  will 
explode  invariably  when  it  reaches  a  certain  definite  tempera¬ 
ture.  I  believe  that  dynamite  handled  with  ordinary  intelli¬ 
gence  is  comparatively  safe. 

Dynamite  is  nitroglycerin  absorbed  in  some  sponge-like  ma¬ 
terial.  Nitroglycerin  will  explode  quite  readily  from  shock 
and  is  much  more  sensative  in  every  way  than  dynamite.  As 
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long  as  we  have  dynamite,  that  is,  as  long  as  the  nitroglycerin 
is  kept  in  its  absorbing  material,  we  have  a  fairly  safe  material. 
Let  a  drop  of  nitroglycerin  exude  and  we  are  dealing  with 
nitroglycerin  and  not  with  dynamite.  Therefore  as  soon  as 
nitroglycerin  is  running  out  of  a  cartridge  of  dynamite  the 
hazard  is  that  which  is  due  to  liquid  nitroglycerin  and  not 
dynamite.  At  one  time  the  danger  of  liquid  nitroglycerin  ex¬ 
uding  from  dynamite  was  considerable  for  there  was  no  very 
good  method  of  testing  the  ability  of  the  dope  to  hold  the  nitro¬ 
glycerin,  but  now  that  has  been  overcome. 

Mr.  J.  A.  McCulloch  :*  In  nitro-cellulose  or  gelatine  type 
dynamite  do  they  not  add  such  things  as  camphor  and  other 
gums  to  retard  the  explosion  for  certain  uses? 

The  Author:  The  materials  that  have  entered  into  the 
composition  of  explosives  is  a  question  that  I  always  like  to 
talk  about.  Gelatine  dynamite  is  a  material,  which  with  age 
generall  becomes  less  and  less  sensitive.  1  have  seen  a  good  deal 
of  gelatine  dynamite  which  was,  as  far  as  could  be  determined 
by  ordinary  tests,  lacking  in  any  explosive  character  whatever. 
And  because  of  that  fact  we  are  liable  to  meet  with  gelatine 
dynamite  which  has  all  its  properties  between  the  original  fresh 
condition,  when  it  is  really  explosive,  and  the  condition  when  it 
is  entirely  inert.  Camphor  and  other  materials  are  not  added 
to  dynamite,  it  does  not  have  them  in  order  to  retard  the  ex¬ 
plosiveness.  It  is  only  necessary  to  leave  it  about  a  year  or  two 
and  if  it  explodes  at  all  we  will  be  doing  pretty  well. 

Mr.  H.  D.  Brown:  Would  it  be  possible  to  explode  ex¬ 
plosives  under  water  and  thus  absorb  all  the  heat  of  explosion  in 
the  water  and  measure  it? 

The  Author  :  That  would  be  very  simple,  were  it  pos¬ 
sible.  I  remember  when  we  were  testing  detonators  for  the 
Panama  Canal  we  put  a  single  detonator  in  a  large  bucket  of 
water.  The  effect  was  such  that  I  do  not  believe  we  could  rec¬ 
ommend  the  method  for  any  larger  amount  than  a  gram.  The 
bucket  opened  up  on  the  seam  and  spread  out  into  a  flat  sheet 
of  metal.  The  bottom  stayed  there  and  all  the  water  decorated 

♦Engineer,  National  Tube  Company,  McKeesport,  Pa. 
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our  ceiling.  If  a  closed  vessel  were  used  we  would  get  into  still 
more  serious  trouble.  The  pressure  which  is  produced  will  be 
applied  equally  in  all  directions  to  the  entire  lining  area  of  the 
vessel  and  we  would  get  a  bursting  pressure  so  great  that  with 
a  single  gram  of  explosive  placed  within  a  steel  container  of 
14  in.  steel  would  invariably  disrupt  it.  As  we  have  to  use  in 
these  tests  as  much  as  100  grams  of  explosive  I  would  assume 
that  if  it  were  to  be  done  in  water  it  would  require  a  volume  of 
water  as  large  as  this  room  to  hold  it  and  the  temperature  rise 
in  that  would  be  so  little  that  we  could  not  measure  it. 

Mr.  G.  E.  Flanagan:*  Dr.  Snelling  has  laid  stress  on  the 
expansive  action  produced  by  gas  generated  in  an  explosion. 
Is  there  not  after  the  explosion  a  correspondingly  sudden  con¬ 
traction  of  the  gases? 

Some  years  ago  I  observed  the  effect  of  an  explosion  of 
natural  gas  on  the  lower  floor  of  a  building,  and  all  the  re¬ 
sult  of  it  that  was  visible  was  a  collapse  rather  than  an  ex¬ 
plosion,  as  though  the  result  was  a  contraction  instead  of  an  ex¬ 
plosion  and  the  principal  effect  seemed  to  have  been  produced 
by  inward  pressure  of  the  outer  air.  In  that  case  of  course 
we  have  in  the  mixture  of  two  gases,  the  oxygen  of  the  atmos¬ 
phere  and  hydrogen  of  which  the  gas  is  largely  composed,  an 
explosive  mixture  which  is  of  large  volume  at  the  moment  it  is 
ignited,  and  therefore  its  expansion  would  be  relatively  less 
and  the  subsequent  contraction  correspondingly  greater  than  in 
the  case  of  ordinary  explosives  which  evolve  gases  from  a  liquid 
or  solid  state.  The  contraction  in  the  case  of  oxygen  and  hydro¬ 
gen  would  of  course  be  very  pronounced  as  their  union  forms 
water  vapor  which  quickly  cools  and  shrinks  to  a  small  fraction 
of  the  volume  of  the  component  gases. 

The  Author  :  The  point  raised  is  a  very  interesting  one, 
and  fortunately  there  is  information  available  today  to  answer 
it.  In  an  explosive  in  the  first  place  as  soon  as  the  immediate 
effects  of  the  expansion  of  the  gases  is  over  there  follows  the 
contraction  of  those  gases  to  a  very  considerable  extent.  But 
let  us  suppose  that  the  room  is  filled  with  air  to  begin  with 

♦Mechanical  Engineer,  Heyl  &  Patterson,  Pittsburgh. 
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there  would  be  a  sudden  pressure  produced  by  the  gases,  but 
even  after  they  have  contracted  as  much  as  they  will  contract, 
the  pressure  in  the  room  is  still  greater  than  it  was  in  the  be¬ 
ginning.  That  is  almost  invariably  the  case,  it  would  only  be 
in  the  case  of  hydrogen  and  oxygen  or  other  similar  mixtures 
that  would  not  be  so.  I  will  not  deny  that  there  are  evidences 
after  many  explosions  of  a  vacuum,  and  it  is  a  very  common 
thing  to  notice  such  a  thing,  but  the  effects  are  usually  relative 
only.  They  are  due  to  the  fact  that  after  the  considerable  pres¬ 
sure  there  has  been  considerable  less  pressure.  And  certainly  the 
difference  between  pressure  and  vacuum  is  mainly  that  one  is 
less  than  the  other.  If  then  we  had  an  equalization  at  a  high 
pressure  and  later  that  high  pressure  is  reduced  we  have  a  sim¬ 
ilar  effect  to  what  we  would  have  if  a  partial  vacuum  were 
produced. 

President  James  0.  Handy:  If  there  is  no  further  discus¬ 
sion  I  would  like  to  express  what  I  feel  to  be  the  sentiment  of 
those  who  have  been  here  this  evening,  a  feeling  of  sincere 
thanks  to  Dr.  Snelling  for  his  most  interesting  paper  which  has 
caused  a  very  interesting  discussion. 


PURCHASE  OF  LUBRICATING  OIL 
BY  SPECIFICATION 


By  A.  D.  Smith  * 


This  is  an  age  of  efficiency  and  specifications.  We  aim  to 
secure  the  greatest  strength  and  longest  life  in  our  steel  rails 
by  having  them  conform  to  certain  carefully  determined  stand¬ 
ards;  we  strive  to  obtain  the  most  efficient  fuel  by  exacting 
compliance  with  certain  established  liimts  for  inert  matter,  and 
we  attempt  to  purchase  lubricative  efficiency  by  application  of 
the  same  principles.  I  say  attempt  and  refer  to  lubricating  oil 
especially  as  I  think  most  of  you  who  have  bought  lubricants 
by  specification  have  not  always  bought  the  lubrication  yon  ex¬ 
pected.  Let  us  investigate  the  cause. 

In  an  address  before  the  Railway  Club  of  Pittsburgh  a  few 
years  ago,  I  pointed  out  the  difficulty  of  securing  at  all  times 
satisfactory  lubrication  entirely  by  specification  for  the  reason 
that  lubricating  oils  are  highly  complex  mixtures  of  still  more 
complex  compounds,  varying  widely  in  different  crudes,  and  that 
it  is  possible  in  many  instances,  particularly  in  oils  flashing 
under  520  deg.  Fahr.  to  produce  mixtures  from  one  or  more 
crude  bases  falling  within  the  limits  of  physical  tests  (as  usually 
conducted)  with  an  oil  from  another  crude  base,  and  yet  the  two 
be  widely  different  in  lubricating  power. 

Conversely,  oils  prepared  from  different  crude  bases  may 
vary  considerably  in  their  physical  constants  and  possess  the 
same  lubricating  efficiency  within  a  range  say  of  20  to  30  de¬ 
grees,  while  on  elevation  to  somewhat  higher  temperatures  (pos¬ 
sible  to  be  reached  in  actual  use),  rapidly  differentiate  them¬ 
selves;  the  one  standing  up  well,  the  other  falling  off  in  lubri¬ 
cating  power.  In  fact  an  apparently  superior  oil  at  temperature 

♦Superintendent,  Canfield  Oil  Company,  Coraopolis,  Pa. 
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testing  is  made,  will  often  prove  to  be  inferior  under  higher 
temperature  of  use.  Yet  again  we  have  to  contend  with  faulty 
designed  bearings,  too  heavy  thrusts  for  size  of  support,  ex¬ 
posure  to  extra  severe  conditions,  etc.,  where  no  matter  what 
specification  for  oil  is  drawn,  it  is  impossible  to  secure  efficient 
lubrication  and  we  must  resort  to  grease,  graphite,  or  other 
special  lubricant. 

Possibly  some  of  you  have  had  hitherto  unexplained  experi¬ 
ences  which  the  preceeding  statements  will  make  clear,  and  while 
it  is  possible  to  draw  up  specifications  insuring  the  highest  lubri- 
eative  efficiency,  it  is  also  apparent  from  the  foregoing  that 
such  specifications  can  only  be  framed  from  a  knowledge  in¬ 
volving  the  physical  constants  of  various  distillates,  reduced  oils, 
stocks,  etc.,  refined  from  the  different  crudes;  the  market  prices 
of  these  products ;  and  very  important,  the  actual  conditions 
of  use. 

Quite  naturally  the  average  engineer  or  chemist  does  not 
possess  such  specific  information,  and  if  he  seeks  aid  from  treat¬ 
ises  on  lubrication  with  a  view  to  drawing  up  a  set  of  specifica¬ 
tions,  he  will  find  a  table  of  physical  constants  derived  from 
only  arbitrary  fractions  bearing  little  relation  to  market  pro¬ 
ducts.  Frictional  values  on  arbitrary  machines  will  sometimes 
be  given,  often  misleading,  as  for  example  the  comparison  of 
cylinder  oils  on  a  Thurston  testing  machine,  where  no  account 
of  the  action  of  steam,  as  would  be  encountered  under  actual 
conditions  of  use,  is  taken  into  consideration.  Other  specifica¬ 
tions  are  given  erring  in  being  too  broad,  and  sometimes  where 
specifications  are  correctly  framed:  otherwise,  some  minor  con¬ 
stant  is  insisted  upon  making  special  refining  necessary  without 
a  corresponding  increase  in  lubricating  value. 

The  fact  that  a  satisfactory  oil  is  often  obtained  from 
loosely  drawn  or  ill  advised  specifications  is  merely  incidental, 
and  is  more  often  due  to  the  dealer  or  refiner  trying  to  give  sat¬ 
isfaction  than  following  the  letter  of  the  specifications,  and 
points  to  the  fact  that  unless  the  buyer  possesses  in  a  great 
measure  the  specific  knowledge  referred  to,  he  is  as  likely  to 
receive  the  more  efficient  oil  at  the  lower  price  by  buying  by 
brand  from  a  reputable  dealer  or  refiner. 


686  PROCEEDINGS  ENGINEERS’  SOCIETY  WESTERN  PENNA. 

The  question  of  buying  by  brand  or  specification  in  these 
days  of  tests  and  search  for  efficiency  is  an  interesting  one,  and 
it  is  admitted  that  unscrupulous  dealers  take  advantage  of  a 
customer  by  substitution  of  an  inferior  product  under  some 
high  sounding  name  at  a  low  price,  or  furnish  a  really  good  oil 
at  a  price  far  beyond  its  intrinsic  value ;  but  if  purchasing  by 
specification  from  this  type  of  dealer  or  refiner  does  not  result 
in  the  customer  being  worsted  in  the  end,  I  would  be  very  much 
surprised.  On  the  other  hand,  a  definite  brand  to  the  dealer 
and  refiner  of  integrity  means  the  acme  of  specialization  in  the 
art  of  refining,  and  particularly  where  one  high  grade  crude 
only  is  refined,  as  much  care  and  pride  is  taken  in  maintain¬ 
ing  a  constant  lubrication  value,  as  the  maker  of  a  fine  tool 
steel  exercises  in  keeping  his  product  up  to  a  definite  analysis. 
Buying  by  brand  from  such  a  refiner  is  protection  to  the  cus¬ 
tomer,  for  he  knows  exactly  what  to  expect  from  the  oil  in  ques¬ 
tion,  and  considering  the  value  of  this  knowledge,  he  could  well 
afford  to  pay  a  slight  advance  over  bulk  price  of  oils  of  question¬ 
able  history,  bought  on  the  open  market. 

As  a  matter  of  fact,  however,  many  established  brands  can 
be  bought  for  slightly  less  than  oils  of  somewhat  similar  inspec¬ 
tion  which  have  to  be  specially  refined  or  mixed  to  meet  some 
arbitrary  specification;  the  reason  being  that  it  is  cheaper  to 
refine  for  a  certain  number  of  definite  products  (i.  e.  brands) 
by  systematic  formulae  sufficient  to  take  care  of  all  ordinary 
situations  than  to  go  into  special  work  requiring  additional 
supervision,  inspection,  tankage,  etc.  It  is  however  often  difficult 
to  convince  a  customer  of  these  facts,  especially  one  who  has  been 
taken  advantage  of  by  an  unscrupulous  dealer,  and  for  the  bene¬ 
fit  of  such,  or  those  wTho  wish  to  check  deliveries,  or  who  are 
otherwise  interested  in  testing  lubricants,  the  writer  will  give 
certain  hints  as  to  testing  where  liability  to  error  exists. 

Presupposing  that  testing  will  be  done  by  chemists  or  other 
technically  trained  men  familiar  with  the  general  methods  of 
testing  and  the  apparatus  used,  we  will  speak  first  a  word  about 
specific  gravity,  or  as  it  is  more  familiarly  called,  simply  grav¬ 
ity.  Without,  at  this  time,  discussing  the  significance  or  often 
lack  of  significance  of  this  test,  attention  is  called  to  the  differ- 


SMITH — PURCHASE  OF  LUBRICATING  OIL  BY  SPECIFICATION  687 

ent  makes  of  hydrometers  on  the  market,  if  it  is  intended  to  use 
this  method  in  determining  this  constant,  as  it  is  to  be  noted 
that  they  often  differ  from  each  other  as  much  as  0.5  degree; 
each  claiming  moreover  to  be  correct.  Without  caring  to  enter 
into  a  discussion  of  the  accuracy  of  any  one  make,  it  may  be 
stated  that  the  refiners  as  a  rule  use  instruments  of  Tagliabue 
manufacture.  In  case  of  doubt  or  contention  the  true  specific 
gravity  should  be  taken  preferably  by  bottle  method,  and  refer¬ 
red  back  to  Be.  values  by  tables  agreeing  with  those  adopted 
by  the  Produce  Exchange  of  New  York. 

In  the  determination  of  flash  test,  it  was  customary  up  to 
a  short  time  ago  to  use  a  thermometer  scaled  for  total  immersion 
without  applying  any  correction  for  exposed  stem.  Scientific¬ 
ally  speaking  the  test  was  inaccurate,  but  as  no  one  thought  of 
applying  the  correction,  the  error  was  universal  with  all,  and 
the  relative  relation  of  tests  of  course  unchanged.  A  few  months 
ago  a  thermometer  appeared  on  the  market  with  its  scale  grad¬ 
uated  for  so  called  bulb  immersion :  that  is,  a  certain  length  and 
temperature  for  the  exposed  stem  was  assumed  for  average  con¬ 
ditions  and  correction  applied  to  the  scale,  so  that  a  reading  by 
this  thermometer  corresponds  approximately  to  a  reading  of  a 
thermometer  scaled  for  total  immersion  with  stem  correction 
applied.  The  difference  between  the  two  at  600  degrees  may 
amount  to  15  degrees.  As  to  the  superiority  of  one  type  over 
the  other  I  think  any  chemist  will  have  some  doubts,  but  this 
fact  is  apparent;  namely,  confusion  and  argument  is  likely  to 
result  unless  both  the  refiner  (or  dealer)  and  the  customer  are 
using  the  same  type  of  instrument. 

A  word  as  to  cold  test.  Note  that  two  methods  are  in  vogue 
for  conducting  this  test,  one  to  chill  gradually,  and  observe 
pour  and  solidification  tests  progressively  downward,  the  other 
to  freeze  solid  and  determine  pour,  (and  if  a  light  filtered  oil, 
cloud)  upward.  There  is  sometimes  a  difference  of  15  degrees 
in  the  cloud  tests  by  the  two  methods  and  it  is  well  for  a  cus¬ 
tomer  to  know  this  fact. 

To  return  to  the  consideration  of  specifications  in  general, 
it  is  manifestly  impossible  in  a  paper  of  this  nature  to  attempt 
to  give  any  lists  of  constants  of  different  products  from  differ- 
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ent  crudes,  even  if  it  seemed  desirable  to  do  so,  and  bearing  in 
mind  how  conditions  of  actual  use  should  affect  choice,  we  shall 
merely  attempt  to  give  an  example  of  two  sets  of  specifications 
that  would  insure  a  high  grade  product  without  substitution. 
The  one  set  is  chosen  as  an  example  of  how  simply  such  speci¬ 
fications  may  be  drawn  up,  and  the  other  as  an  idea  of  more 
specialized  forms. 

For  the  first  example,  we  will  consider  a  cylinder  lubricant 
suitable  for  moderately  high  pressure  steam,  say  at  125  to  150 
lb.  pressure.  The  oil  must  suffer  practically  no  loss  from  evapo¬ 
ration,  it  must  not  chemically  decompose  into  products  liable  to 
attack  the  cylinder  walls,  it  must  be  adhesive  to  the  rings  and 
walls  of  the  cylinder  which  means  that  it  must  not  attenuate 
to  any  great  extent  within  a  range  of  150  degrees  above  212. 
Such  conditions  are  fulfilled  to  a  great  extent  in  Pennsylvania 
Steam  Refined  Stocks,  and  for  the  illustration  at  hand,  a  stock 
of  225-230  viscosity,  Saybolt  at  210  deg.  Fahr.  would  be  chosen. 
Purchased  from  a  dealer  or  refiner  of  reputation,  this  would  be 
all  the  specification  necessary,  as  the  flash  would  necessarily  be 
above  590  Fahr.,  which  would  be  high  enough  for  the  steam 
pressure  described.  Bought  on  the  open  market,  the  following 
specifications  should  be  added  to  that  of  viscosity,  namely,  mini¬ 
mum  flash  of  590  Fahr.,  color  dark  green,  or  instead  of  color 
specification  a  minimum  allowance  of  two-tenths  percent  insolu¬ 
ble  tarry  matter  in  a  mixture  of  17  parts  88  gasoline  to  one  part 
stock.  The  color  specification  answers  as  well,  however,  as  no  stock 
of  dark  green  color  would  exceed  two-tenths  percent  in  tarry 
matter.  As  to  flash,  the  usual  figure  would  be  600  to  605  for  viscos¬ 
ity  given,  but  to  specify  it,  might  require  on  some  types  of  Penn¬ 
sylvania  Crude  special  refining  so  that  the  stock  would  remain 
longer  in  the  still  and  be  subjected  to  a  higher  temperature  than 
it  otherwise  would  be  without  an  increase,  but  rather  a  decrease 
in  lubricating  power.  All  grades  of  Pennsylvania  Crude  should 
make  at  least  590  flash,  hence  this  specification.  It  will  be  noted 
gravity  is  not  mentioned,  as  in  this  case  it  would  have  no  signi¬ 
ficance  whatever.  About  the  only  value  it  possesses  as  a  con¬ 
stant  is  an  indication  of  origin,  in  this  instance  unnecessary  as 
it  would  be  impossible  to  produce  a  stock  of  the  inspection  given 
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from  any  crude  but  Pennsylvania  Crude.  The  specifications  as 
to  color  or  tarry  matter  are  suggested,  not  for  being  in  them¬ 
selves  effective  as  to  lubrication  value,  but  significant  of  this 
property;  that  is,  they  signify  the  care  used  in  refining,  whether 
stock  was  overheated  or  refined  from  dirty  crude,  etc.,  these  fac¬ 
tors  affecting  the  lubricating  value.  It  will  thus  be  seen  how 
for  some  lubricants,  simple  specifications  can  be  drawn  prac¬ 
tically  guaranteeing  a  definite  lubricating  value  without  shoul¬ 
dering  unnecessary,  meaningless  standards  on  the  refiner. 
Where,  however,  we  need  oils  of  lower  flash,  possible  to  be  made 
from  different  crudes,  it  becomes  quite  a  problem  to  write  out 
specifications  giving  a  reasonable  latitude,  and  at  the  same 
time  guaranteeing  the  lubricating  efficiency  desired,  so  that 
unless  specially  qualified,  the  consumer  will  profit  but  little  in 
the  end  by  so  doing. 

Take  for  instance  a  case  of  a  high  grade  automobile  oil, 
where  a  consumer  knowing  something  of  the  lasting,  non-atten¬ 
uating  properties  of  a  Pennsylvania  Neutral  desired  such  an  oil. 
Consider  the  viscosity  desired  is  200,  color  lemon,  then  a  gravity 
specification  must  be  demanded  of  31.0  Be.  minimum,  together 
with  a  flash  of  at  least  410  deg.  Fahr.  If  a  slightly  cheaper  oil 
is  demanded  of  like  viscosity,  but  allowable  to  contain  a  trace 
of  carbon,  say  of  a  straw  color,  the  gravity  may  be  permitted  as 
low  as  30.5,  flash  the  same ;  and  again  if  this  color  is  wanted 
at  225  viscosity,  the  gravity  may  be  allowed  as  low  as  30.0  Be., 
while  if  a  lemon  color  with  absolute  freedom  from  carbon  is 
wanted  at  this  viscosity,  30.3  Be.  should  be  set  as  the  minimum 
limit.  Having  previously  stated  that  gravity  was  without  signi¬ 
ficance  as  to  lubricating  power,  it  may  seem  strange  that  it  is 
now  emphasized,  but  here  it  identifies  a  crude  base,  and  almost 
the  slightest  variation  from  the  values  given  means  a  possible 
substitution.  The  flash  test  is  set  at  410  as  a  minimum  for  the 
reason  on  non-Pennsylvania  neutrals  it  is  extremely  difficult 
to  obtain  a  flash  for  this  grade  of  oil  as  high  as  410.  Again 
the  cold  test  on  any  of  the  neutrals  cited  should  not  be  below 
20  degrees,  for  while  it  is  highly  desirable  to  have  a  low  cold 
test  on  automobile  oils,  it  must  be  remembered  that  Pennsyl¬ 
vania  neutrals  are  pressed  from  a  wax  containing  media,  and 
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that  it  is  hardly  possible  to  press  practically  in  a  large  way 
so  that  a  better  cold  test  than  20  can  be  obtained,  hence  the 
assumption  is  an  oil  possessing  a  better  test  is  a  non-Pennsyl¬ 
vania  product.  When  settled  as  to  oil  being  of  Pennsylvania 
origin,  there  remain  special  tests  to  indicate  absence  of  carbon 
(scarcely  necessary  in  the  lemon  colored  oils)  and  chemical  tests 
to  determine  whether  the  neutral  was  acid  treated  or  otherwise, 
from  all  of  which  it  will  be  seen  that  if  an  oil  of  certain  base 
is  wanted  at  about  400-500  flash,  specification  writing  to  get 
just  the  oil  desired  becomes  a  difficult  task. 

Just  as  it  is  not  easy  to  substitute  other  than  the  desired 
grade  of  lubricant  in  specifications  of  the  foregoing  type,  it  is 
not  difficult  to  find  an  oil  from  almost  any  crude  base  that  will 
comply  with  many  of  the  loosely  drawn  standards.  For  ex¬ 
ample,  we  sometimes  see  a  set  of  specifications  for  an  engine 
oil  reading  something  as  follows : — Gr.  27-31  Be.,  Flash,  not 
below  390,  viscosity  not  below  230  at  70.  Such  specifications 
are  of  course  utterly  valueless,  and  the  consumer  buying  on  them 
would  fare  just  as  well  by  asking  the  dealer  or  refiner  to  give 
him  anything  he  happened  to  have  that  might  be  suitable  for  an 
engine  oil.  Other  types  call  for  admixtures  of  animal  oils  when 
they  had  better  be  left  out,  as  for  example  in  stocks  intended 
for  cylinder  lubrication  where  superheated  steam  is  used.  Under 
such  conditions,  the  cylinder  is  simply  a  digester  to  the  animal 
oil,  the  glycerine  salt  is  decomposed  by  the  high  heat  and  pres¬ 
sure,  the  volatile  glycerine  escapes  with  the  steam  and  the  free 
fatty  acid  remains  to  attack  the  metal,  cause  gummy  deposits, 
etc. 

What  the  outcome  of  the  present  tendency  to  purchase  by 
specification  will  be  in  the  future  is  certainly  an  interesting  one, 
but  it  is  quite  apparent  that  nothing  practical  will  come  of  it 
unless  the  refiner  and  scientific  expert  either  acting  for  the  con¬ 
sumer  or  in  the  pursuit  of  pure  science  get  together.  One  thing 
is  self  evident  if  this  takes  place ;  namely,  different  sets  of  speci¬ 
fications  for  lubricants  from  different  crude  bases  will  have  to 
be  prepared,  which,  considering  the  variation  in  absolute  lubri¬ 
cating  value  and  growing  scarcity  of  some  of  the  higher  grade 
crudes  will  make  the  division  in  price  wider  than  ever.  It 
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should  also  have  the  desirable  effect  of  making  price  somewhat 
more  of  an  index  to  quality  than  it  is  today.  Conditions  of 
actual  use,  new  products  to  meet  new  demands  will  of  course 
continue  to  affect  the  choice  of  lubricants  outside  of  their  abso¬ 
lute  value  and  worth,  and  it  will  not  be  until  machinery  is 
vastly  more  standardized  than  it  is  today  that  anything  like 
universal  purchase  by  specification  will  take  place.  With  the 
idea  of  conservation  in  mind  and  the  gradually  increasing  use 
of  superheated  steam  in  this  country  it  may  even  take  place  in 
the  not  remote  future,  that  the  government  may  prevent  the 
exportation  of  Pennsylvania  stocks,  to  provide  for  home  indus¬ 
tries  which  course  would  bring  the  idea  of  specification  strongly 
before  the  trade.  At  present  however  the  situation  seems  to  be 
specifications  or  brand  whichever  you  prefer,  but  the  strong 
emphasis  is  laid  on  service,  with  testing  at  the  end,  and  the  main 
feature,  as  it  should  be,  satisfactory  work  done. 

DISCUSSION 

Dr.  P.  H.  Conradson  :*  I  have  listened  with  much  inter¬ 
est  to  the  valuable  paper  presented  by  Mr.  Smith  and  he  cer¬ 
tainly  has  given  us  something  to  think  about.  It  is  a  subject 
that  has  been  under  consideration  for  the  last  thirtv  or  fortv 

V 

years  by  technical  experts,  chemists  and  engineers,  as  well  as 
refiners,  or  manufacturers,  and  users  of  lubricants. 

I  remember  as  far  back  as  twenty-five  years  ago  when  I  was 
with  the  Testing  Laboratories  of  the  Pennsylvania  R.  R.  and 
did  the  testing  of  oils.  In  those  days  Dr.  Dudley,  the  famous 
P.  R.  R.  Chemist,  who  as  you  well  know,  is  the  father  of  the 
Railway  Testing  Laboratories  and  did  more  for  the  develop¬ 
ment  of  test  work  and  preparation  of  specifications  than  any 
other  man,  had  prepared  some  specifications  for  lubricating  oils 
used  by  the  railroads  at  that  time  and  it  is  quite  interesting 
to  note  that  after  all  these  years  those  specifications  are  still 
used,  practically  in  the  same  form  as  when  prepared.  However, 
those  specifications  do  not  mean  much  in  the  light  of  the  pres¬ 
ent  knowledge  of  lubricants,  as  they  only  give  the  flash,  gravity 
and  cold  test.  The  railway  then  compounded  its  own  lubricat¬ 
ing  oils. 

♦Chief  Chemist,  Galena-Signal  Oil  Company,  Franklin,  Pa. 
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A  few  weeks  ago  I  attended  in  New  York  two  International 
Congresses,  the  International  Congress  of  Applied  Chemistry 
and  the  International  Association  for  Testing  Materials.  Quite 
a  number  of  oil  experts  from  Europe  were  there  and  they  had 
some  interesting  papers  on  lubricating  oils.  I  talked  with 
several  of  these  experts  about  specifications  and  methods  of 
testing  and  handling  lubricating  oils  and  I  found  that  while 
the  oil  experts  in  Europe  have  gone  into  the  manner  or  method 
of  testing  lubricating  oils  more  extensively  then  we  have  in 
this  country,  they  are  not  very  much  better  off  than  we  are 
as  regards  specifications. 

To  prepare  specifications  for  lubricating  oils  of  practical 
value  to  the  consumer,  is  a  difficult  and  complex  problem.  I 
have  specialized  on  this  work  on  lubricating  oils  for  the  past 
twenty  years  and  I  am  free  to  admit  that  I  would  hesitate 
today  to  draw  up  specifications  that  would  answer  for  the  prac¬ 
tical  purpose  for  which  the  oils  were  intended.  To  prepare 
specifications  that  would  be  of  real  practical  value,  the  expert 
who  undertakes  such  a  thing  must,  of  course,  be  fully  familiar 
with  the  kind  of  machine  to  be  lubricated,  the  service  condi¬ 
tions,  manner  or  method  of  applying  the  oil  as  well  as,  to  a 
great  extent,  be  familiar  with  the  source  of  the  oil  and  processes 
of  its  manufacture. 

In  addition  to  this,  it  is  also  necessary  to  have  well  de¬ 
veloped  and  satisfactory  methods  of  testing  the  oils.  This 
latter  is  by  no  means  the  simplest  thing,  which  is  clearly  in¬ 
dicated  by  the  number  of  tests  one  has  to  submit  the  lubricat¬ 
ing  oils  to  in  order  to  be  fairly  certain  that  they  are  suitable 
for  the  purpose  they  are  intended.  As  I  stated  the  oil  experts 
in  Europe  have  gone  extensively  into  the  question  of  proper 
method  for  testing  lubricants,  with  the  idea  I  take  it,  that 
when  they  have  developed  proper  and  accurate  satisfactory 
methods,  they  will,  in  due  course  of  time,  take  up  the  problem 
of  preparing  suitable  specifications  for  lubricating  oils  for  the 
various  services. 

A  couple  years  ago  I  presented  before  the  Pittsburgh  Sec¬ 
tion  of  the  American  Chemical  Society  as  well  as  before  the 
American  Society  of  Chemical  Engineers,  a  paper  on  “Lab- 
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oratory  Tests  of  Lubricants  and  Interpretation  of  Analysis/’ 
and  for  the  purpose  of  further  discussion  I  will  simply  give  a 
tabulation  of  chemical  tests  that  are  necessary  to  use  in  testing 
lubricants  for  various  purposes. 

TABULATION  OF  CHEMICAL  TESTS 

Flash  point. 

Burning  point. 

Gravity. 

Color. 

Odor. 

P  urity. 

Gasoline  tests,  before  and  after  flash. 

Cloud  test. 

Cold  test. 

Viscosity. 

Microscopic  test  for  carbonaceous  matter  in  suspension. 

Saponifiable  fats. 

Free  fatty  acids. 

Petroleum  acids. 

Sulphuric  acid. 

Chemicals  from  imperfect  refining. 

Sulphur-lamp  test  and  in  wick. 

Maumene  test. 

Iodine  test. 

Evaporating  tests,  a  given  time  at  200  to  300  deg.  fahr.,  to  study 
percentage  of  volatile,  and  behavior  of  residues  in  88  deg.  gasolene 
tests  and  acidity. 

Heat  test,  in  air  bath  blowing  air  over  the  oil  at  425  deg.  Fahr. 
and  540  deg.  Fahr.  Examination  of  residue. 

Emulsifying  tests,  to  determine  adaptability  of  the  oil,  say  in 
turbine  service. 

Tar  and  coke-forming  elements  present  before  and  after  heat 

test. 

Oxidation  or  gumming  tests. 

Superheated  steam  tests. 

Carbonizing  tests  in  connection  with  air  compressor  (not  water- 
cooled)  automobile,  gas-engine  lubrication. 

Capillarity  or  wick  tests. 

While  in  some  cases  it  is  not  necessary  to  subject  the  oils 
to  all  these  tests,  they  are  of  great  importance  in  the  study  of 
the  value  of  lubricating  oils. 

In  order  to  prepare  proper  specifications,  if  they  are  to 
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be  practical,  they  must  not  be  too  cumbersome  or  complicated 
in  their  make-up.  They  also  must  be  prepared  in  such  a  way 
that  they  will  fulfill  the  object  for  which  they  are  intended.  I 
have  found  in  my  experiences  as  a  chemist  and  engineer  of 
tests  on  railways,  that  the  objection  manufacturers  have  to 
even  the  simplest  specifications,  and  which  is  often  times  se¬ 
verely  criticised,  is  because  they  do  not  happen  to  coincide  with 
their  methods  of  manufacture.  Further,  in  preparing  specifi¬ 
cations  one  must  never  lose  sight  of  the  commercial  or  financial 
side  of  the  question;  i.  e.  any  specifications  that  require  un¬ 
usual  methods  of  manufacture,  or  which  stipulate  conditions 
which  are  not  generally  found  among  the  manufacturers,  will 
necessarily  largely  increase  the  price  of  the  lubricant.  I  have 
found  that  while  the  specifications  at  first  have  been  severely 
criticised  by  the  manufacturers,  they  have  stated  that  while 
they  could  meet  the  requirements  the  product  would  cost  very 
much  more.  If  competition  exists  this  matter  will  generally  take 
care  of  itself  after  the  manufacturer  becomes  familiar  with  the 
specified  requirements. 

It  may  not  be  amiss  to  mention  in  this  connection  that  in¬ 
vestigators  abroad,  such  as  Ubbeholde  and  Fea,  have  demon¬ 
strated  during  exhaustive  investigations  that  all  oils  of  equal 
viscosity  give  the  same  coefficient  of  friction,  independent  of  the 
origin  of  the  oil,  method  of  refining  or  nature  of  the  oils;  in 
other  words,  from  these  investigations,  one  might  say  that 
prime  lard1  oil  or  sperm  oil  would  give  the  same  coefficient  of 
friction  as  a  straight  mineral  oil,  having  the  same  viscosity  at 
any  given  temperature,  no  matter  whether  the  oil  is  of  Penn¬ 
sylvania,  Texas  or  Russian  origin,  etc.  Now,  if  this  be  a  fact, 
we  certainly  have  made  a  great  step  forward  in  the  right  di¬ 
rection. 

Mr.  Smith  states  that  he  believes  it  necessary  that  cylin¬ 
der  oils,  especially  for  superheated  steam,  should  have  a  very 
high  flash  and  fire  test,  and  he  further  states  that  Pennsyl¬ 
vania  oil  is  necessary  for  the  production  of  good  cylinder  oils. 
I  cannot  agree  with  him  on  the  first  point.  As  a  matter  of 
fact,  I  am  an  advocate  of  rather  low  flashing  point  in  cylinder 
oils,  that  is,  I  have  come  to  this  conclusion  from  many  years 
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of  close  study  and  observation  of  cylinder  lubrication  in  actual 
service  as  well  as  extensive  laboratory  investigations  as  to  the 
behavior  of  cylinder  oils  in  steam  at  various  temperatures,  from 
ordinary  saturated  steam  temperatures  up  to  the  highest  de¬ 
gree  of  superheat;  and  have  found  that  it  is  very  advisable 
to  have  a  certain  amount  of  comparatively  volatile  compounds  or 
constituents  present  in  a  properly  compounded  cylinder  oil. 
In  fact,  a  cylinder  oil  containing  a  certain  amount  of  volatile 
compounds  will  mingle  much  better  with  the  steam,  and  if  we 
take  into  consideration  the  large  area  of  the  cylinders  and 
steam  chests,  and  the  small  amount  of  oil  used  it  will  readily 
be  seen  that  we  should  distribute  the  oil  with  the  steam  in  an 
atomized  form,  or,  in  other  words  lubricate  the  steam,  to  get 
the  best  results. 

To  do  this  successfully  I  find  it  is  necessary  that  cylinder 
oils  should  contain  a  certain  amount  of  volatile  constituents  at 
steam  temperatures  used  in  service.  This  is  only  one  point  to 
illustrate  how  difficult  it  is  to  draw  up  specifications  that  will 
be  of  practical  value  to  cover  all  points. 

Then  we  come  to  other  classes  of  oils,  automobile  oils,  ma¬ 
chinery  oils,  turbine  oils,  gas  engine  oils,  etc.,  each  class  re¬ 
quiring  entirely  different  oils  to  give  the  best  and  most  economi¬ 
cal  service.  Then  again  in  preparing  specifications,  we  must 
consider  by  all  means,  the  treatment  of  the  oil  in  actual  service. 
In  one  case  the  oil  may  simply  be  added  to  the  journal,  or 
cylinder,  drop  by  drop  and  never  be  used  again,  going  off 
through  the  exhaust  or  otherwise.  On  the  other  hand,  the  oil 
may  be  used  over  and  over  again  for  weeks  or  months,  such  as 
in  steam  turbine  oil  circulating  systems,  where  the  oil  is  re¬ 
peatedly  exposed  to  heat,  moisture,  air,  etc.,  and  how  to  draw 
up  specifications  that  will  meet  conditions  of  this  kind  is  a 
problem  that  requires  a  great  deal  of  study,  not  only  in  the 
laboratory  but  also  from  the  practical  service  standpoint. 

The  practice  prevailent  at  present  in  Europe  seems  to  be 
to  take  samples  of  oils  and  submit  them  to  practical  service 
tests  and  those  that  perform  the  service  satisfactory  are 
analyzed  to  determine  the  constituents  and  they  then  buy  oils 
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which  are  like  the  samples  submitted.  This  practice  I  believe  is 
also  followed  to  a  large  extent  in  this  country. 

There  is  no  question  in  my  mind  that  some  day  we  will 
get  specifications  for  the  various  lubricating  oils  and  lubri¬ 
cants,  but  at  present,  as  Mr.  Smith  has  pointed  out,  unless  the 
chemists  and  engineers  who  have  to  deal  with  testing  of  oils, 
come  in  closer  contact  and  co-operation  with  the  technical  ex¬ 
perts  of  the  refineries,  or  manufacturers  of  lubricating  oils, 
they  are  at  a  great  disadvantage,  and  in  the  past  it  has  been 
very  difficult  to  get  any  information  from  the  refineries,  either 
because  they  do  not  know  themselves  or  else  they  will  not  tell. 
This  is  what  the  consumers  are  up  against  at  present. 

It  might  be  stated  in  this  connection  that  the  American 
Society  of  Testing  Materials  has  a  committee  on  lubricants  com¬ 
posed  of  experts  representing  both  the  manufacturer  and  con¬ 
sumer,  and  it  is  hoped  that  this  committee  will,  in  due  course 
of  time,  be  able  to  bring  about  not  only  closer  professional  co¬ 
operation  between  the  parties  interested,  but  also  develope  meth¬ 
ods  and  specifications  for  lubricants. 

Mr.  J.  Ablett  I  was  very  much  interested  in  the  paper 
of  Mr.  Smith,  and  while,  like  Mr.  Conradson,  I  do  not  agree  with 
everything  in  it,  yet  on  the  whole  it  presents  the  subject  very 
fairly  and  very  thoroughly. 

He  concentrates  his  discussion  entirely  upon  oils  made 
from  Pennsylvania  Crude,  and  I  would  assume  from  the  paper 
that  it  also  applies  to  the  method  of  manufacture.  It  does  not 
take  into  consideration  paraffine  oils,  which  belong  to  the  same 
family  that  neutral  oils  do,  to  which  Mr.  Smith  alluded  as  be¬ 
ing  the  oils  best  adapted  for  automobile  use,  etc. 

I  think  you  will  all  agree  that  so  far  there  has  not  been 
a  crude  oil  discovered  that  produces  as  satisfactory  a  cylinder 
oil  as  the  Pennsylvania  Crude  does.  Therefore  it  is  very  clear 
that  oils,  as  other  materials,  are  of  different  values. 

When  a  man  says  “oil  is  oil”  he  might  just  as  well  say 
“cloth  is  cloth”,  and  go  in  and  buy  a  suit  of  clothes  for  $10.09 
and  think  he  is  going  to  get  as  much  value  as  if  he  pays  $40.00 

♦Manager,  Lubricating  Department,  Atlantic  Refining  Company,  Pitts¬ 
burgh. 
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or  $50.00.  I  think  we  usually  deal  with  fair  minded  people 
and  get  just  about  what  we  pay  for. 

We  ought  not  to  forget  that  the  majority  of  paraffine  oils 
made  from  western  crudes  have  a  place  in  the  market  just  as 
Pennsylvania  oils  do;  if  they  did  not  the  price  of  oils  would 
be  very  high.  Consider  the  oils  in  the  paraffine  family,  engine 
oil,  particularly.  As  you  probably  know,  it  is  an  oil  produced 
by  distillation.  It  is  put  through  various  other  processes  and 
the  wax  is  eliminated,  just  as  it  is  from  the  neutral  oils.  Some 
of  these  oils  are  finished  with  chemicals  and  others  by  fi Itera¬ 
tion  ;  you  get  a  much  heavier  gravity  in  the  paraffines  than  in 
the  neutrals,  but  about  the  same  flash,  and  as  a  rule  a  higher 
viscosity;  and  for  some  purposes  the  paraffines  are  very  satis¬ 
factory  indeed,  and  are  better  suited  for  some  purposes  than 
the  neutral  oils. 

One  great  difficulty  we,  as  oil  men,  have  had  to  contend 
with  in  the  past  is  that  in  very  many  cases  the  proper  oil  is 
not  applied.  Some  one  comes  along  who  is  naturally  anxious 
to  make  a  sale,  and  tells  the  purchaser  he  must  have  an  oil  of 
certain  tests,  or  conveys  the  idea  that  they  must  have  a  very 
viscous  oil,  when  a  lighter  bodied  oil  would  do  the  work  very 
much  better,  etc.,  and  in  many  cases  a  wrong  oil  is  introduced. 

In  the  process  of  manufacture  cylinder  oil  is  produced  in  a 
very  different  manner  from  engine  oil.  You  cannot  make  a 
good  cylinder  oil  which  has  a  thin  body;  and  if  you  could  it 
would  not  be  suitable  for  cylinder  lubrication  in  large  engines; 
but  engine  oils,  or  machine  oils,  for  exterior  lubrication  are 
usually  fluid  oils  which  will  flow  freely  at  from  25  to  80  deg. 
Fahr. 

It  is  not  always  the  price  of  an  oil  that  denotes  its  value. 
A  low  priced  oil  for  some  purposes  is  better  than  an  oil  for 
which  we  would  pay  a  higher  price.  An  oil  must  be  adapted  for 
the  purpose  for  which  it  is  intended.  If  we  have  an  open 
bearing,  a  heavy  viscous  oil  should  be  used  which  will  not  run 
off  the  bearing  too  quickly;  we  want  something  that  will  stay, 
not  a  light-bodied  oil  which  is  suitable  for  running  machinery 
at  2500  or  3000  r,  p.  m. 

We  also  have  to  consider  the  people  who  use  the  oils.  The 
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gentleman  preceding  me  said  there  were  some  things  about  the 
oils  the  users  could  not  find  out.  People  who  spend  years  to 
educate  themselves  to  produce  certain  oils  that  are  suitable  for 
machinery  under  peculiar  conditions  could  hardly  be  expected 
to  publish  their  knowledge  broadcast.  If  they  did  the  users 
could  not  all  absorb  it  any  more  readily  than  I  could  if  I  tried 
to  absorb  the  engineering  profession  in  six  months,  from  books. 

There  are  some  things  about  the  oil  business  that  we  even 
do  not  know.  The  secret  of  putting  oils  together  is  a  good  deal 
like  the  man  who  could  produce  a  better  picture  than  other 
artists,  and  when  asked  how  he  mixed  his  paints,  replied  “I 
mix  them  with  brains.”  I  do  not  mean  by  this  that  the  oil 
men  know  any  more  than  the  users;  but  it  is  only  natural  that 
the  manufacturer  should  know  more  about  his  own  business 
than  the  ordinary  mechanic,  who  has  been  educated  along  other 
lines,  and  sometimes  the  mechanics  are  just  a  little  unreason¬ 
able.  Referring  to  the  subject  of  emulsion  which  was  brought 
up.  With  oil  that  contains  no  impurities  and  which  has  not 
been  chemically  treated;  one  cannot  produce  an  emulsion.  But 
when  mixed  with  a  little  water  from  your  boiler,  in  which  you 
are  using  boiler  compounds,  or  should  grease,  or  something  of 
that  kind  get  into  the  oil  and  it  is  kept  stirred  up  and  circu¬ 
lating  through  the  oiling  system  with  water,  we  will  get  an  oil 
that  looks  like  soap  suds  in  a  little  while.  Then  it  is  blamed 
on  the  oil,  and  we  wonder  why  such  a  thing  is  possible.  It  is 
possible  but  it  is  not  the  oil  that  causes  the  trouble. 

The  oil  men  need  the  assistance  of  the  engineers,  and  we 
are  only  too  glad  to  help  them  and  have  their  help  through  any 
of  these  difficulties;  for  you  know  it  is  neither  pleasant  nor 
profitable  to  us  when  we  have  to  send  a  man  out  to  adjust  com¬ 
plaints,  and  the  oil  is  oftentimes  blamed  for  conditions  for  which 
it  is  not  at  all  responsible. 

I  should  say  that  Mr.  Smith’s  paper  was  mostly  on  the 
subject  of  specifications.  If  users  adhere  strictly  to  speci¬ 
fications  they  are  going  to  be  misled,  because  there  are  oils 
which  we  can  sell  for  half  the  price  of  others,  which  will  often 
meet  the  specifications,  but  would  not  be  at  all  suited  to  the  work 
required.  Specifications,  as  a  rule,  are  for  the  guidance  of  the 
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manufacturer,  to  enable  him  to  produce  uniform  products,  and 
the  laboratory  is  a  necessary  appendage  to  the  refinery. 

Mr.  T.  R.  Cook:*  I  am  sorry  to  hear  the  number  of 
objections  raised  to  the  formation  of  specifications.  I  am  sure 
with  the  multitudinous  brands,  claims  and  prices  of  oils  offered 
by  the  oil  companies,  that  the  consumer  would  be  much  more 
contented  if  he  could  have  a  specification  whereby  he  could  get 
an  oil  to  answer  the  particular  purpose  he  desires  it  for. 

Dr.  M.  E.  McDonnell  :t  After  the  able  talks  we  have  listen¬ 
ed  to  from  the  producers,  it  would  be  very  difficult  for  me  to 
add  anything,  especially  with  any  degree  of  confidence  that 
what  I  say  might  not  be  contradicted.  The  oil  producer  knows 
what  he  has  in  his  oil  and  where  it  is  from  and  how  it  is  com¬ 
pounded.  The  chemist  in  the  Laboratory  has  to  find  out  these 
points  and  some  times  he  may  be  in  error  as  to  what  he  is  actu¬ 
ally  dealing  with. 

I  certainly  agree  with  the  paper  and  the  statements  of  Dr. 
Conradson  and  Mr.  Ablet t  that  it  is  very  difficult  to  write  a 
reasonable  specification.  We  might  get  an  oil  that  would  be 
satisfactory  for  a  certain  purpose  and  write  specifications  to 
cover  that  particular  oil,  and  afterwards  find  another  oil  that 
would  not  pass  those  specifications,  from  a  different  field  or 
produced  by  a  different  method  of  refining,  that  would  give 
satisfactorv  results. 

Dr.  Conradson  has  stated  that  Dr.  Dudlej',  the  late  head  of 
our  department,  devoted  his  lifetime  to  specifications  and  wrote 
a  great  many  that  were  very  efficient.  Specifications  for  oils 
in  our  department  have  not  advanced  very  much  since  his  time. 
To  illustrate  the  difficulties  encountered  in  drawing  up  an  oil 
specification,  it  might  not  be  out  of  place  to  refer  to  an  exper¬ 
ience  with  our  burning  oil,  i.  e.,  150  deg.  oil,  a  specification  for 
which  was  prepared  by  Dr.  Dudley  and  adopted  by  the  rail¬ 
road  company  some  years  ago.  For  a  long  time  this  specification 
appeared  to  be  entirely  satisfactory,  but  as  Mr.  Ablett  knows, 

♦Assistant  Engineer  Motive  Power,  Pennsylvania  Lines,  Union  Station, 
Pittsburgh. 

jChemist,  Department  of  Tests,  Pennsylvania  Railroad,  Altoona,  Pa. 
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many  oils  afterwards  bought  on  it  failed  to  give  satisfaction  in 
service. 

The  principal  difficulty  which  was  later  encountered  with 
this  oil  did  not  develop  until  after  the  introduction  of  the  long 
time  signal  lamps,  which  were  not  in  use  when  the  specification 
was  adopted.  These  lamps  should  burn  continuously  for  six 
or  seven  days,  without  any  attention,  but  in  practice,  it  often 
happened,  due  to  the  character  of  the  oil  used,  the  wicks  would 
become  so  incrusted  in  two  or  three  days  that  the  flame  would 
become  extinguished.  Yet  we  have  not  been  able  to  get  chemical 
tests  which  will  cover  this  particular  case.  We  are  forced  to 
practically  buy  on  sample.  The  specification  is  still  used,  but 
in  addition  to  the  tests  prescribed,  a  burning  test  is  made  on  a 
sample  submitted  by  the  manufacturer  before  monthly  purchas¬ 
es  are  made.  The  shipments  which  are  made  during  the  month 
are  tested  to  compare  with  the  samples  submited  and  which 
have  stood  the  burning  test.  If  any  variation  is  found  from  the 
sample,  the  oil  received  on  shipment  is  subjected  to  a  practical 
test,  which  would  take  a  number  of  days  time. 

The  same  thing  applies  to  lubricating  oils.  We  have  been 
able  to  lubricate  certain  machinery  with  a  comparatively  cheap 
oil,  for  which  we  might  issue  a  specification.  We  really  have  a 
specification  which  we  have  not  put  in  print,  that  is,  we  tell 
the  producer  what  we  think  it  ought  to  be,  but  it  has  never 
been  officially  issued.  It  is  possible  that  if  that  specification 
were  made  open  we  might  obtain  an  oil  from  some  district  which 
would  not  be  satisfactory,  and  it  is  also  possible  that  we  might 
find  an  oil  from  another  district  that  would  not  fulfill  the  re¬ 
quirements  of  the  specification,  yet  answer  just  as  well  and  at 
considerably  less  expense.  So  I  think  the  statement  of  the 
paper  that  it  is  very  difficult  to  issue  a  general  specification 
has  been  well  borne  out. 

One  speaker  made  a  statement  that  is  interesting  in  rela¬ 
tion  to  fat  oil  in  superheat  cylinder  lubricant.  I  understood  him 
to  say  it  is  advisable  to  completely  eliminate  fat  oil.  1  would 
like  to  know  whether  I  correctly  understood  him.  We  are  mak¬ 
ing  a  series  of  tests  with  paraffine  oils  containing  various  per¬ 
centages  of  fat  oils,  from  nothing  up  to  20  percent.  We  have 
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not  yet  convinced  ourselves  whether  we  should  entirely  eliminate 
it  or  whether  5  or  10  percent  would  be  advantageous. 

I  think  Dr.  Conradson’s  point  is  well  taken  that  we  do 
not  need  a  high  flash  point  in  a  cylinder  lubricant  used  with 
superheated  steam.  A  mixture  containing  some  high  flash 
point  material  and  some  lower  would  lubricate  the  steam  when 
the  engine  is  working  at  a  low  superheat  or  perhaps  when  no 
superheat  is  being  used.  It  is  necessary  to  lubricate  the  steam 
at  all  times  and  the  oil  should  take  care  of  the  variations  in 
temperature  which  are  encountered  in  a  superheat  engine. 

Mr.  T.  D.  Lynch  :*  AYe,  also,  have  had  great  difficulty  in 
our  attempts  to  prepare  a  satisfactory  specification  for  lubricat¬ 
ing  oils. 

It  was  our  hope,  in  being  here  tonight,  that  we  might  ob¬ 
tain  such  information  from  the  author  or  from  the  discussion 
as  would  assist  us  in  deciding  on  the  essential  points  of  such 
a  specification  and  we  are  disappointed  not  to  have  this  antici¬ 
pation  gratified. 

In  the  absence  of  a  specification  however,  let  me  say  that 
we  have  found  it  necessary  to  adopt  certain  well  known  brands 
of  lubricating  oils.  Our  method  of  doing  this  has  been  to  first 
obtain  a  sample  of  a  prospective  oil  for  laboratory  test,  examine 
it  carefully  for  fire,  flash,  viscosity,  specific  gravity,  color,  etc. 
and  then  if  the  indications  are  good,  a  few  bearings  are  kept 
lubricated  for  a  time  and  results  observed.  If  the  sample  is 
found  to  be  satisfactory  an  order  is  obtained.  This  is  made  use 
of  in  the  regular  lubrication  of  machinery  and  the  results  are 
carefully  observed  from  day  to  day.  If  both  laboratory  test 
and  trial  order  prove  satisfactory  this  grade  or  brand  is  ap¬ 
proved.  During  the  complete  investigations  we  secure  the  co¬ 
operation  of  the  manufacturer,  so  far  as  possible,  giving  him 
the  benefit  of  our  experience  and  tests  in  the  use  of  the  oils 
and  secure  from  him  such  information  about  the  source  of  raw 
material,  physical  and  chemical  properties  and  such  other  data 
as  may  be  properly  secured  from  him.  Thus  we  select  one  or 

♦Research  Engineer,  Westinghouse  Electric  &  Manufacturing  Company, 
East  Pittsburgh,  Pa. 
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more  brands  suitable  for  our  service  and  eliminate  those  of  an 
unknown  quality. 

We,  as  consumers,  desire  more  than  one  source  of  supply 
therefore,  more  than  one  manufacturer’s  brand  must  be  adopted 
for  a  given  service. 

This  is  in  brief  our  plan  of  operation  in  the  absence  of  a 
specification  and  because  of  the  absolute  need  for  some  check 
on  material  purchased. 

Let  me  say  further  that  we  have  made  “performance”  our 
slogan  when  securing  data  for  special  material  or  when  writing 
specifications  on  which  to  order  material,  not  for  oils  alone  but 
for  every  kind  and  class  of  material. 

All  information  obtained  is  correlated  and  put  into  such 
permanent  form  as  will  enable  us  to  test  the  material  and  guide 
us  in  the  performance  we  may  expect.  We  often  find  it  neces¬ 
sary  to  look  into  composition,  methods  of  manufacture,  treat¬ 
ment,  etc.,  but  after  all  our  ultimate  object  is  performance. 
The  question  with  us  is  what  will  the  material  do  in  service 
and  will  it  meet  our  needs  economically? 

Mr.  C.  H.  Garlick:*  I  am  not  a  manufacturer  of  oils, 
neither  am  I  a  chemist.  For  the  past  fifteen  years  I  have  been 
emplo}Ted  by  one  of  the  large  oil  manufacturing  concerns  in 
adjusting  the  difficulties  that  occur  in  connection  with  the  use 
of  lubricants,  and  also  in  testing  the  same  to  ascertain  their 
value  for  the  purpose  of  overcoming  friction. 

I  fully  agree  with  Mr.  Smith  in  his  statement  that  the  or¬ 
dinary  specifications  covering  specific  gravity,  the  flash,  burn¬ 
ing  point  and  viscosity  of  oils  do  not  determine  the  value  of  the 
oil  as  a  lubricant.  As  the  kind  of  crude  oil  used,  and  the  man¬ 
ner  of  refining  and  treating  are  important  factors  in  manu¬ 
facturing  oil. 

I  do  not,  however,  agree  with  him  that  a  cylinder  oil 
should  have  a  flash  test  of  at  least  595  deg.  Fahr.  Oil  with  a 
flash  test  that  high  is  not  required  even  in  cylinders  where  sup¬ 
erheated  steam  is  used.  The  proper  lubrication  of  a  steam 
cylinder  is  brought  about  by  admitting  the  oil  into  the  steam 

*  State  Steam  Boiler  Inspector  for  Allegheny  County,  Bessemer  Build¬ 
ing,  Pittsburgh. 
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line  just  before  the  steam  enters  the  cylinder.  The  oil  is  then 
atomized,  not  vaporized,  but  broken  into  thousands  of  atoms. 
The  oil  in  the  form  of  a  film  intervenes  between  the  piston  and 
piston  walls  of  the  cylinder,  the  valve  and  the  valve  seat,  re¬ 
ducing  friction  in  proportion  to  the  value  of  the  oil  as  a  lubri¬ 
cant.  We  know  that  steam  under  a  pressure  of  100  lb.  to  the 
sq.  in.  has  a  temperature  of  338  deg.  Fahr.,  at  a  pressure  of 
125  lb.,  352  deg.  and  at  150  lb.,  367  deg.  My  experience  has 
been  that  an  oil  with  a  flash  of  about  515  deg.  will  atomize  much 
better  at  those  steam  pressures  than  it  will  with  a  higher  vapor¬ 
izing  point.  I  have  found  that  oil  with  an  exceedingly  high 
flash  point  does  not  atomize  well,  and  that  much  of  it  is  thrown 
out  the  exhaust  pipe. 

As  I  said  before,  there  is  no  necessity  for  an  exceedingly 
high  flash  point  in  the  oil  used  for  the  lubrication  of  cylinders 
using  superheated  steam.  We  know  that  water  vaporizes  when 
in  an  open  vessel  at  a  temperature  of  212  deg.,  but  when  confined 
under  a  pressure  of  70  lb.  per  sq.  in.,  at  least  300  is  attained 
before  the  water  bursts  into  steam.  The  same  principle  holds 
good  with  oil.  The  vaporizing  point  in  oil  is  ascertained  with 
the  vessel  opened  to  the  atmosphere,  and  we  know  that  oil  hav¬ 
ing  a  vaporizing  point  as  low  as  400  deg.,  will  not  vaporize  in 
a  steam  cylinder  where  the  pressure  of  the  steam  is  150  lb. 
Sometime  since,  I  visited  a  plant  on  the  South  Side,  where 
they  were  using  superheated  steam  under  a  pressure  of  150  lb. 
With  the  pyrometer  in  the  steam  chest  showing  a  temperature 
of  666  deg.,  the  engine  was  shut  down,  the  steam  chest  head 
quickly  removed,  and  oil  having  a  flash  point  of  but  417  deg. 
was  found  in  the  steam  chest  in  a  liquid  state. 

Oil  is  used  in  a  steam  cylinder  to  reduce  friction  and  there¬ 
by  save  fuel.  Some  years  since,  I  tested  a  number  of  oils  in 
a  slow  running  125  h.  p.  engine  for  the  purpose  of  ascertaining 
their  relative  values  to  reduce  friction.  The  engine  was  con¬ 
nected  by  means  of  a  belt  to  a  generator.  All  the  bearings  were 
operating  in  a  bath  of  oil,  the  ideal  method  of  shaft  lubrication. 
After  the  cylinder  of  the  engine  and  other  parts  were  known 
to  be  perfectly  lubricated,  the  load  was  thrown  off  the  engine 
and  indicator  cards  taken  simultaneously  from  both  ends  of  the 
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cylinder.  A  series  of  these  cards  were  carefully  measured,  and 
it  was  found  that  18  h.  p.  was  required  to  overcome  the  friction 
of  the  engine  and  generator  with  all  parts  perfectly  lubricated. 
The  load  was  then  thrown  on  the  engine  which  was  operated 
for  6y2  hrs.,  during  which  no  cylinder  oil  was  permitted  to 
enter  the  cylinder,  the  other  bearings  of  course  being  lubricated 
in  the  usual  manner.  At  the  end  of  that  period  of  time,  the 
load  was  again  thrown  off  and  indicator  cards  taken  as  be¬ 
fore.  These  cards  showed  that  27  h.  p.  were  required  to  over¬ 
come  the  friction  of  the  engine  and  the  generator  when  no 
cylinder  oil  was  being  used.  Ordinary  cylinder  stock  was  then 
used  in  the  cylinder  at  a  rate  of  12  drops  a  minute  for  15  min¬ 
utes,  after  which  cards  were  again  taken  which  showed  that  24 
b.  p.  was  required  to  overcome  the  friction  of  engine  and  gen¬ 
erator  when  imperfectly  lubricated.  With  a  better  cylinder  oil 
the  friction  was  reduced  to  22  h.  p.  A  return  to  the  high  grade 
oil  for  a  period  of  fifteen  minutes  at  the  rate  of  two  drops  per 
minute,  resulted  in  the  friction  again  being  reduced  to  18  h.  p. 

A  splendid  object  lesson  on  the  necessity  of  perfect  cylinder 
lubrication  can  be  had  with  the  ordinary  duplex  boiler  feed  pump. 
After  shutting  off  the  oil  supply  to  the  cylinders  of  these  pumps 
for  at  least  three  hours,  note  the  number  of  piston  strokes  per 
minute.  After  lubricating  the  cylinders  freely  again  note  the 
number  of  strokes  made  per  minute.  The  admission  of  oil  will 
always  result  in  an  increased  activity  of  the  pump.  Often  times 
the  number  of  strokes  will  be  increased  from  30  to  50  percent. 
This  increased  speed  and  increased  quantity  of  water  pumped 
is  due  entirely  to  the  reduction  of  the  friction  of  the  piston 
against  the  cylinder  walls,  and  the  valve  against  the  valve  face. 
The  value  of  an  engine  oil  for  a  given  bearing  can  easily  be  de¬ 
termined.  If  an  ordinary  15  cent  thermometer  is  placed  in  the 
bearing,  and  a  given  quantity  of  oil  used  for  a  certain  period 
of  time,  and  the  temperature  of  the  bearing  noted,  you  will  have 
a  record  of  the  value  of  that  oil.  Another  oil  can  then  be  used 
on  the  same  bearing,  under  the  same  conditions  and  the  differ¬ 
ence  in  the  temperature  of  the  bearing  noted  by  the  ther¬ 
mometer. 

The  best  results  can  usually  be  obtained  by  co-operating 
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•with  some  reputable  manufacturer  of  lubricants,  permitting  the 
engineer  of  the  refining  company  to  carefully  examine  the  con¬ 
ditions  pertaining  to  lubrication  at  the  plant,  with  the  plant 
engineer,  bearing  in  mind  always  that  friction  costs  more  than 
oil. 

Mr.  J.  Ablett:  Was  that  oil  in  the  cylinder  417  deg.  flash, 
and  was  it  a  cylinder  oil? 

Mr.  C.  H.  Garlick:  Yes,  sir,  it  was  a  cylinder  oil.  Not 
one  that  we  made,  but  a  well  known  oil. 

Mr.  J.  Ablett  :  Specifications  issued  by  the  City  of  Pitts¬ 
burgh  until  last  year  called  for  as  low  a  test  cylinder  oil  as 
can  be  imagined.  They  called  also  for  a  mongrel  oil  for  engine 
oil.  The  specifications  for  first  class  cylinder  oil  were  I  think 
500  or  520  deg.  flash  point  and  viscosity  very  low.  The  reason 
for  that  is  that  a  number  of  years  ago  they  used  Yalvoline, 
which  all  know  has  a  good  reputation  as  a  cylinder  oil,  but  it 
was  a  low  viscosity  oil,  and  also  had  a  low  flash  test.  It  is  not 
made  now  from  the  same  crude,  but  it  was,  I  believe,  made 
from  a  crude  oil  similar  to  the  heavy  Franklin  crude  oil,  about 
32  gravity,  with  a  low  cold  test,  and  which  sells  at  a  very  high 
price.  .The  city  continued  for  many  years  to  use  this  specifica¬ 
tion  for  that  oil. 

In  mentioning  this,  the  point  I  desire  to  make  is  that  if 
you  take  specifications  like  these,  a  manufacturer  would  at  once 
say  it  was  a  very  cheap  cylinder  oil  because  it  was  much  lower 
that  the  average  specifications  for  a  cylinder  oil,  while  in  fact 
it  may  be  quite  an  expensive  oil. 

Speaking  of  compounding  cylinder  oil  for  railroad  use  re¬ 
ferred  to,  I  once  asked  Dr.  Dudley  “Why  is  it  that  you  need 
such  a  different  oil  in  your  locomotives  from  the  cylinder  oils 
generally  used  for  cylinder  lubrication  of  stationary  engines”. 
He  replied,  “Our  conditions  are  quite  different.  We  go  up 
grade  to  the  Gallitzin  tunnel  and  then  down  grade  say  to  Johns¬ 
town.  We  have  no  steam  in  that  cylinder  for  miles  going  down 
the  hill,  and  we  depend  entirely  upon  the  lubrication  of  the  oil, 
while  for  a  stationary  engine  the  steam  goes  through  the  cylinder 
constantly.  You  will  therefore  readily  understand  that  the  con- 
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ditions  are  quite  different.  Conditions  regulate  lubrication  to 
a  great  extent  and  you  must  have  oils  that  meet  the  conditions 
which  exits.” 

Mr.  W.  E.  Snyder:*  In  considering  this  subject  of  the 
purchase  of  lubricating  oils  on  specifications,  my  experience 
caused  me  to  look  at  it  from  the  practical  side.  The  ultimate 
object  in  mind  when  purchasing  oils  on  specifications  is  to  secure 
efficient  lubrication  at  a  minimum  cost.  The  actual  cost  of 
lubricating  an  engine  or  machine,  say  per  turn  of  operation  (12 
hrs.),  is  the  basis  or  standard  by  which  the  results  obtained  from 
the  use  of  an  oil  is  judged.  It  is  important  to  keep  this  in  mind, 
because  the  purpose  of  all  experimental  work  and  investigation 
in  the  use  of  oils  is  to  reduce  the  cost  of  lubrication,  at  least  this 
is  the  way  the  manufacturing  manager  or  engineer  must  view 
the  matter. 

From  this  standpoint  it  is  apparent  that  the  subject  imme¬ 
diately  extends  outside  of  the  domain  of  chemistry  and  into  the 
field  of  engineering.  No  matter  how  carefully  the  chemist  may 
investigate  and  prepare  his  specifications  for  oils,  if  the  oils  are 
not  applied  properly  the  good  work  of  the  chemist  produces 
little  or  no  result.  The  point  which  I  wish  to  emphasize  is  the 
importance  of  the  proper  application  of  the  oil  in  obtaining 
efficient  lubrication  at  low  cost.  If  this  point  is  not  fully  realized 
and  converted  into  efficient  action  in  the  works,  we  can  have 
specifications  upon  specifications  relating  to  lubricating  oil,  and 
still  see  no  results  where  they  should  be  seen  on  the  cost  sheets. 

I  have  seen  this  very  well  illustrated  in  the  various  works 
of  our  Company.  Both  cylinder  and  engine  oils  are  purchased 
on  the  same  respective  specifications  for  all  works.  The  costs 
of  lubricating  engines  at  some  works  have  been  from  four  to 
seven  times  as  high  as  they  have  been  in  other  works  for  engines 
of  the  same  size  running  at  the  same  speed  and  for  similar 
service.  This  was  caused  by  local  conditions  and  difference  in 
the  method  of  using  the  lubricants.  It  is  evident  that  the  speci¬ 
fications  are  not  involved  in  any  way  in  such  a  comparison  be¬ 
cause  the  oils  give  good  lubrication  in  some  works  at  very  low 

^Mechanical  Engineer,  American  Steel  &  Wire  Company,  Frick  Build¬ 
ing,  Pittsburgh. 
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cost.  The  reduction  of  the  lubricating  costs  to  the  minimum 
shown  in  the  above  comparison  means  the  annual  saving  of  many 
thousand  dollars — but  this  task  develops  entirely  upon  the  en¬ 
gineer — the  chemist  has  done  his  work  satisfactorily  as  is  proven 
by  the  conditions  in  some  of  the  works.  I  think  there  is  a  tend¬ 
ency  to  lay  too  much  stress  upon  the  specifications  for  oils,  and 
not  enough  stress  upon  the  supervision  of  their  use. 

As  an  example  of  this,  we  have  heard  here  this  evening  a 
very  earnest  discussion  of  the  flash  point  of  cylinder  oils;  one 
argument  being  that  cylinder  oils  should  have  a  low  flash  point 
in  order  that  they  may  be  thoroughly  atomixed,  and  the  minute 
particles  of  oil  immediately  come  in  contact  with  all  of  the  steam 
as  it  enters  the  cylinder.  This  is  certainly  not  a  proper  posi¬ 
tion  for  an  engineer  to  take  in  endeavoring  to  obtain  economical 
lubrication.  Is  it  necessary  to  oil  or  grease  thoroughly  several 
thousand  tons  of  steam  every  month  in  order  that  the  cylinder 
walls  of  one  engine  should  be  properly  lubricated?  I  do  not 
think  so.  It  would  seem  to  me  that  the  application  of  the  lubri¬ 
cant  to  the  surfaces  which  are  to  be  lubricated  would  be  the 
method  that  would  suggest  itself  to  the  mind  of  a  thinking  en¬ 
gineer.  The  idea  that  it  is  necessary  to  lubricate  all  the  steam 
in  order  to  lubricate  the  cylinder  walls  properly  dates  back  to 
the  use  of  the  old  steam  pipe  lubricators  which  are  now  no 
longer  used  on  modern  engines.  Since  the  type  of  lubricator  has 
been  radically  changed,  and  will  permit  of  a  new  method  of  ap¬ 
plying  the  lubricant,  why  should  we  discuss  at  this  time  the  best 
method  of  obtaining  “greasy  steam”.  I  discuss  this  one 
point  fully  simply  as  illustrating  the  first  point  which  I  men¬ 
tioned,  i.  e.  the  necessity  for  proper  application  of  the  lubricant. 
I  think  the  paper  of  this  evening  might  well  be  supplemented 
with  another  paper  dealing  with  the  proper  application  of  lubri¬ 
cants  under  the  assumption  that  with  the  aid  of  the  chemist  and 
the  specifications,  proper  lubricants  are  being  purchased. 

Mr.  0.  P.  Reese:*  It  is  necessary  for  consumers  of  large 
quantities  of  oil  to  have  specifications.  In  obtaining  large  quan¬ 
tities  of  oil  for  distribution  to  a  number  of  plants,  or  over  a 
large  railway  system  it  is  necessary  to  have  specifications,  so 

♦Master  Mechanic,  Allegheny  Shops,  Pennsylvania  Lines,  Pittsburgh. 
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that  a  uniformity  of  material  may  be  obtained.  It  is  practicable 
to  make  such  specifications  that  will  not  work  a  hardship  on  the 
manufacturer,  and  will  permit  the  consumer  to  obtain  a  uniform 
grade  and  quality  of  oil. 

Mr.  W.  A.  Looney  :t  I  was  unfortunate  in  not  having  ar¬ 
rived  until  after  the  paper  of  the  evening  had  been  read,  and 
I  do  not  know  that  I  can  add  anything  of  interest  to  what  has 
already  been  said.  1  believe,  however,  it  is  the  consensus  of 
those  who  have  heard  the  remarks  made  here  that  specifications 
frequently  do  not  convey  a  correct  idea  of  the  uses  for  which  an 
oil  is  especially  adaptable.  It  is  difficult  for  a  manfuacturer  to 
make  a  uniform  specification  for  an  oil  that  will  suit  the  varying 
conditions  of  the  trade,  for  the  reason  that  improvements  and 
changes  in  style  of  engines  and  machinery  are  being  made  so 
rapidly  that  the  oil  manufacturer  is  not  fully  posted  as  to  what 
sort  of  oil  is  needed  to  meet  the  changed  conditions. 

The  engineers  are  at  as  great,  if  not  a  greater  disadvantage, 
as  they  are  unable  to  tell  the  oil  manufacturer  just  what  changes 
in  the  oil  are  desirable  to  meet  advanced  practice. 

The  making  of  specifications,  therefore,  is  a  subject  about 
which  both  the  maker  and  user  of  oil  should  consult  freely,  in 
order  that  the  consumer  will  not  have  to  pay  unnecessarily  high 
prices  by  insisting  on  needless  and  expensive  qualities,  and  to 
give  the  manufacturer  an  opportunity  to  study  the  needs  of 
local  conditions,  and  determine  whether  or  not  he  can  furnish 
an  oil  that  will  meet  the  demands  that  may  be  put  upon  it. 

Dr,  P.  H.  Conradson  :  Dr.  McDonnell  of  the  P.  R.  R. 
asked  a  question  as  regards  the  amount  of  fat  desirable  in  cyl¬ 
inder  oils.  I  would  be  interested  in  having  Mr.  Smith  answer 
this  question. 

The  Author  :  There  have  been  so  many  ideas  advanced  by 
the  different  speakers  that  to  comment  on  all  would  be  impos¬ 
sible,  but  it  has  certainly  been  extremely  interesting  to  hear  of 
the  various  experiences  of  men  like  Dr.  Conradson,  Mr.  Ablett 
and  others  showing  the  impossibility  of  purchasing  lubricative 
efficiency  by  specification  as  a  general  proposition.  Dr.  Conrad- 

fAssistant  (General  Manager,  Gulf  Refining  Company,  Frick  Building, 
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son,  referring  to  one  statement  in  the  paper  where  600  flash  stock 
was  specified  as  a  suitable  cylinder  lubricant,  stated  that  in  his 
opinion  such  a  high  flash  stock  was  not  necessary.  In  our  en¬ 
gines  as  constructed  on  this  side  of  the  water,  this  may  be  the 
case,  the  company  with  which  I  am  connected  for  instance,  sell¬ 
ing  for  its  domestic  trade  large  quantities  of  cylinder  stocks  of 
540  and  580  flash,  but  on  the  other  hand  the  European  buyers 
who  have  gone  into  the  use  of  superheated  steam  far  more  ex¬ 
tensively  than  is  customary  in  this  country  demand  600  and  630 
flash  stocks.  It  is  a  question  apparently  where  engineers  differ 
as  to  the  efficiency  of  the  high  and  low  flash  stocks.  The  point 
I  wished  to  bring  out  however  was  not  so  much  the  question  of 
flash,  but  that  with  the  flash  specified,  i.  e.  600,  very  simple 
specifications  would  insure  the  delivery  of  a  given  type  of 
lubricant,  whereas  on  lower  flash  stocks,  the  specifications  would 
be  more  complicated  to  ensure  identical  goods,  and  possibly  even 
then  not  secure  the  lubricative  efficiency  demanded. 

In  reply  to  Dr.  McDonnell ’s  inquiry  as  to  views  on  addition 
of  animal  oils  to  cylinder  lubricants,  would  say  this  is  something 
to  be  decided  wholly  by  service  conditions  and  nature  of  petro¬ 
leum  lubricant  furnished,  bearing  in  mind  the  action  of  super¬ 
heated  steam  on  such  oils  and  the  fact  that  the  injurious  effects 
of  decomposition  may  not  become  immediately  apparent.  The 
experiments  now  being  conducted  by  Dr.  McDonnell  as  to  proper 
percentages  of  animal  oils,  (if  any),  to  be  used  with  cylinder 
lubricants  is  to  my  mind  the  only  method  to  determine  this 
feature,  and  then  it  will  determine  the  percentage  for  the  par¬ 
ticular  grade  of  oil  under  test  and  for  the  conditions  of  test 
only,  which  it  is  understood  are  those  of  actual  use. 

Ten  years  ago,  or  perhaps  the  period  had  best  be  extended 
to  twenty  years  ago,  the  tendency  was  to  use  considerable  quan¬ 
tities  of  animal  oils  in  cylinder  stocks,  and  for  that  matter  in 
engine  oils  as  well.  This  practice  was  undoubtedly  necessary  in 
many  instances  to  secure  efficient  lubrication,  owing  to  the  non¬ 
suitability  of  the  petroleum  lubricant  then  furnished,  and  the 
use  to-day  of  such  oils  is  probably  in  part  due  to  the  survival 
of  the  days  when  acidless  animal  oils  were  the  superior,  petro¬ 
leum  products  as  then  refined  being  the  inferior  lubricant.  'With 
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the  advent  of  high  pressure  and  superheated  steam  new  prob¬ 
lems  arose;  it  was  found  that  the  animal  oil  was  split  up  into 
a  free  acid  and  a  volatile  product,  i.  e.  glycerine.  The  free  acid 
caused  gumming,  pitting,  etc.,  and  this  together  with  the  upward 
price  of  animal  oils,  caused  a  closer  study  of  the  subject  to  be 
made,  resulting  in  the  refiner  ascertaining  more  scientifically  the 
needs  of  the  engineer  and  consequent  production  of  a  more  per¬ 
fect  oil,  until  to-day  with  pure  Pennsylvania  products  on  oils 
of  600  flash  and  above  especially,  total  elimination  of  animal  oils 
has  taken  place  in  many  instances  with  the  best  results.  It  must 
be  remembered  the  condition  of  equipment  has  a  good  deal  to 
do  with  the  reduction.  Machinery  that  is  well  looked  after, 
new,  and  of  modern  design  always  requires  the  minimum  of 
added  animal  oils  to  the  petroleum  base  lubricant,  but  ill-kept 
equipment,  worn  rings,  valve  seats,  etc.,  are  without  doubt  in 
many  cases  more  efficiently  lubricated  by  the  addition  of  small 
percentages  of  animal  oils  to  the  cylinder  stocks. 

I  did  not  mention  the  subject  of  paraffine  oils  touched  on 
by  Mr.  Ablett  for  the  reason  the  scope  of  the  paper  made  it 
possible  to  discuss  only  a  few  representative  types.  I  do  not 
know  that  I  have  anything  to  add  to  what  has  already  been 
mentioned  about  this  division  of  lubricants,  other  than  they  are 
not  usually  strictly  filtered  oils  in  the  full  acceptance  of  the 
term,  and  for  this  reason  are  not  so  suited  for  some  classes  of 
work  and  do  not  bring  so  high  a  price.  They  however  serve  as 
excellent  oils  for  certain  purposes,  and  I  am  glad  the  subject 
wras  brought  up,  and  hoped  the  discussion  would  touch  upon 
products  from  other  crudes  than  Pennsylvania. 

Mr.  IT.  A.  Porterfield  :*  1  have  been  more  or  less  inter¬ 

ested  in  the  lubricating  of  machinery  for  25  years,  beginning 
at  the  time  when  Dr.  Dudley  was  working  on  specifications  for 
lubricating  oils.  Dr.  Conradson  touched  the  exact  point,  that 
is,  that  specifications  can  not  be  made  for  service  tests.  In 
other  words,  you  must  take  a  given  location,  South  Side,  North 
Side,  East  End,  because  conditions  are  different  in  different 
locations,  and  you  must  study  the  conditions  at  that  particular 
point,  and  then,  if  possible,  prepare  your  specifications  for  that 

♦Manager,  Dexter  Oil  Company,  Pittsburgh. 
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point  only.  I  would  go  so  far  as  to  say,  that  with  very  large 
factories,  covering  two  miles  in  length,  if  you  want  the  very 
best  results  at  a  minimum  cost,  you  might  have  to  prepare  speci¬ 
fications  for  each  end  of  the  plant.  AVhy  that  has  to  be  done,  1 
can’t  tell  you  in  a  few  words. 

How  the  manufacturers  of  oils  can  get  in  closer  agreement 
with  the  engineers  of  tests,  and  chemists,  and  mechanics,  and 
purchasing  agents,  is  a  problem.  There  has  been  very  little 
encouragement  in  25  years  for  engineers  and  chemists  to  study 
the  subject  of  lubrication.  There  are  many  reasons  why  this  is 
true,  but  the  principal  reason  why  so  few  of  our  technical  men 
can  follow  this  question  and  keep  at  it,  is  because  the  oils  which 
are  extensively  purchased,  are  largely  in  the  hands  of  one  in¬ 
terest.  And,  I  would  go  so  far  as  to  say,  that  even  technical  men 
who  engaged  in  the  subject  of  lubrication  25  years  ago,  did  not 
find  sufficient  encouragement  to  continue. 

I  want  to  say  a  few  things  about  details  in  specifications. 
To  begin  with,  Dr.  Dudley,  himself,  had  necessarily  to  test  the 
oils  which  he  could  obtain  in  the  markets,  and  prepare  specifica¬ 
tions  accordingly  at  that  time ;  among  those  oils  was  one  which 
was  compounded  by  him  for  cylinders.  At  that  time,  I  think 
there  was  no  oil  to  be  had  over  500  deg.  flash  test.  The  oil  as 
made  at  that  time,  with  that  flash  test,  was  an  extremely  good 
oil, — Pennsylvania  oil,  of  course.  His  specifications  were  very 
simple,  indeed.  There  were  just  two  points;  one  was,  that  the 
oil  should  not  contain  tar,  and  the  other  was,  that  it  should  be 
500  deg.  flash  test. 

Refining  operations  have  advanced  wonderfully  since  that 
time.  Today,  it  is  possible  to  furnish  oil  under  those  specifica¬ 
tions,  free  from  tar  and  of  high  flash  test,  but  of  exceedingly 
low  value  as  a  lubricating  oil.  If  this  oil  would  suit  the  Penn¬ 
sylvania  Railroad  it  would  not  perhaps  suit  some  railroad  out 
west,  under  different  conditions.  I  made  this  statement  to  illus¬ 
trate  the  point  that  it  is  perfectly  possible,  under  some  condi¬ 
tions,  to  use  a  poor  oil,  which,  under  other  conditions,  would  be 
entirely  unsatisfactory. 

How  can  the  technical  men,  representing  the  purchasers, 
get  closer  to  the  technical  men  representing  the  refiners  of  oils?- 
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That  is  the  big  question  today  in  regard  to  oils,  especially  when 
we  consider  that  we  can  get  oils  from  as  far  west  as  California 
and  as  far  south  as  Mexico,  and  by  combining  them  can  get 
almost  any  specification  desired,  but  we  do  not  get  the  lubri¬ 
cating  value,  and  we  do  not  get  the  burning  value  in  the  lamp. 
Technical  men  on  both  sides  have  got  to  meet  on  some  ground, 
in  a  room  like  this.  They  are  so  far  apart  today,  that  it  is 
difficult  to  print  anything  that  is  of  any  value  to  either  side. 
All  you  can  do  is  to  visit  with  each  other  and  talk  to  each  other, 
which  takes  a  great  deal  of  time.  What  we  all  hope  for,  are 
discussions  like  this  and  papers  like  this,  and  many  more  of 
them.  Take  the  gentleman  Avho  spoke  of  the  service  test,  that  is 
exactly  the  right  thing — it  is  the  only  test.  There  is  no  value 
necessarily  in  matters  of  gravity  and  viscosity,  and  all  the  rest 
of  it,  except  to  the  chemist  to  identify  oils  and  know  whether  he 
is  getting  something  like  the  sample.  After  some  experience,  he 
can  do  that  all  right. 

Some  months  ago,  I  had  occasion  to  be  in  two  large  well 
known  eastern  plants.  In  one,  which  was  becoming  modern  very 
rapidly,  the  chief  engineer,  an  elderly  man,  who  came  from  New 
England,  and  knows  how  to  build  every  part  of  his  machinery, 
as  well  as  operate  it,  said:  ‘‘In  this  plant  it  makes  very  little 
difference  how  cheap  and  low  grade  an  oil  we  use’’.  I  said, 
“I  can’t  possibly  understand  that,  you  want  to  preserve,  the 
machinery”.  He  says,  “No,  our  orders  are  to  wear  out  the 
machinery  and  get  the  most  modern  machinery,  as  fast  as  we 
can.  On  that  basis,  if  we  preserve  our  cylinders  and  valves 
etc.,  we  are  losing  money.  The  rest  of  the  machinery  is  worn  out 
and  we  have  spent  a  lot  of  money  to  do  that.  ’  ’ 

The  next  day,  I  was  at  another  plant,  where  they  can  neither 
beg  nor  steal  sufficient  money  from  the  company  to  replace  worn 
out  parts  of  a  rolling  mill — there,  it  is  a  different  problem.  They 
absolutely  must  run  that  old  mill  and  get  out  a  maximum  ton¬ 
nage  with  the  least  breakage,  and  with  the  least  possible  wear 
and  tear.  The  consequence  is,  they  are  doing  everything  with 
their  experts  and  their  practical  men  in  the  mill,  to  get  the  best 
oil  and  grease  that  money  will  buy,  because  they  have  to  have 
them  to  preserve  their  machinery. 
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Mr.  J.  Ablett  :  I  challenge  your  statement  in  this  respect. 
T  do  not  want  these  gentlemen  to  get  a  wrong  impression  in  re¬ 
gard  to  the  500  petroleum  oil,  which  you  say  can  be  made  from 
anything.  I  say  that  is  absolutely  untrue,  and  I  appeal  to  the 
gentleman  who  made  the  opening  remarks  for  an  opinion  on 
that.  The  Pennsylvania  Railroad  protects  itself  by  giving  the 
gravity  of  the  oil  that  shall  be  furnished,  and  I  believe  that  an 
oil  cannot  be  made  out  of  any  other  oil  than  Pennsylvania  crude 
oil  to  meet  their  specifications ;  I  desire  to  say  that  they  get  just 
as  good  an  oil  as  can  be  made,  except  that  it  has  a  lower  flash 
than  the  535  or  550  stocks.  They  do  not  get  from  our  company 
any  of  the  so-called  oil  which  you  say  can  be  made  from  any¬ 
thing.  I  believe  mv  statement  is  correct. 

Mr.  H.  A.  Porterfield:  I  will  ask  Dr.  McDonnell,  if  a 
copy  of  the  Pennsylvania  Railroad  specifications  received  by  me 
within  60  days,  contains  any  specification  whatever  for  gravity 
of  500  deg.  oil? 

Dr.  M.  E.  McDonnell:  There  is  no  specific  gravity  re¬ 
quired  for  500  deg.  stock. 

Mr.  J.  Ablett:  I  have  been  under  the  impression  that  the 
gravity  was  specified,  and  I  know  that  any  500  petroleum  our 
company  has  furnished  has  been  made  from  Pennsylvania  crude, 
and  we  have  not  furnished  any  of  the  cheap  oil  you  speak  of. 
If  I  made  a  mistake  I  beg  your  pardon. 

Mr.  H.  A.  Porterfield:  I  think  you  took  a  wrong  meaning 
from  what  I  said.  I  did  not  intend  to  go  into  the  extensive  de¬ 
tails  as  to  how  you  could  make  that  oil,  or  what  crude  oil  you 
could  it  make  out  of.  I  simply  say,  that  when  Dr.  Dudley  pre¬ 
pared  his  specifications  about  1882,  the  state  of  the  art  of  refin¬ 
ing  was  such  that  the  oil  that  was  made  in  the  stills  at  that 
time,  of  that  flash  test,  was  free  from  tar,  and  of  a  most  excel¬ 
lent  character.  It  can  be  just  as  good  today,  if  it  is  made  the 
same  way,  but  if  the  specifications  have  never  been  changed 
from  that  time  to  this,  those  specifications  will  not  necessarily 
secure  the  same  oil  as  originally. 

In  sending  me  approval  of  the  sample  submitted  by  me,  my 
attention  was  called  to  the  fact,  that  it  had  a  gravity  of  26  to 
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27  cleg.  Baume,  but  the  gravity  was  not  in  the  specifications. 
It  happened  that  the  gravity  was  all  right,  but  that  did  not 
protect  them,  and  that  has  nothing  to  do  with  what  I  am  trying 
to  bring  out,  which  is  just  this  point,  that  the  Pennsylvania 
[Railroad  is  not  protected  by  the  specific  gravity  and  the  tar 
test  and  the  flash  test.  Twenty  years  ago,  they  would  have 
been,  because  the  art  of  refining  at  that  time  was  such  that  it 
was  not  possible  for  any  one  to  take  out  all  the  good  qualities 
of  the  oil  and  leave  nothing  but  a  “shell”;  today,  we  can  do 
that. 

i 

Mr.  J.  M.  Jeffers:*  This  is  a  very  interesting  subject 
and  one  that  I  have  been  looking  into  for  some  time;  not,  how¬ 
ever,  as  much  from  a  chemical,  as  from  a  physical  standpoint. 
Within  the  last  few  years  there  has  been  somewhat  of  an  agita¬ 
tion  along  the  line  of  “Lubricating  Oil  Specifications”,  and 
much  can  be  said  both  pro  and  con  relative  to  specifications,  and 
after  all  one  is  puzzled  to  know  what  is  going  to  be  gained  by 
the  adoption  in  general,  of  specifications. 

As  each  year  comes  and  goes,  there  is  apparently  more  in¬ 
terest  being  manifested  in  the  subject  of  oils  and  lubrication; 
possibly  within  the  last  ten  years  there  are  more  people  that 
know  more  about  oils  than  probably  Avas  knoAAui  in  the  last  pre¬ 
vious  twenty  years,  especially  among  the  consumers  of  oils. 
Until  Avithin  the  last  few  years,  the  subject  of  the  cost  of  oils 
and  lubrication  Avas  somewhat  overlooked;  close  competition  in 
various  industrial  manufacturing  interests,  hoAAuver,  has  caused 
many  to  investigate  this  subject  more  thoroughly. 

A  feAv  years  ago  when  everything  pertaining  to  lubrication 
of  the  engine  Avas  left  to  the  engineer,  he  would  tell  us  that  the 
only  oil  that  would  properly  lubricate  his  engine  was  sperm, 
No.  1  lard,  or  some  grade  of  animal  or  vegetable  oil  for  all  ex¬ 
ternal  lubrication,  and  possibly  pure  beef  talloAV  for  steam  cyl¬ 
inders  or  internal  lubrication. 

The  present  day  engineers  are  getting  just  as  good  results 
from  a  pure  mineral  oil  for  external  lubrication,  and  for  internal 
lubrication,  a  mineral  stock  oil  compounded  with  possibly  about 
ten  percent  of  animal  oil. 

,  *Oil  Department,  National  Tube  Company,  McKeesport,  Pa. 
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The  old  method  of  analysis  was  for  the  engineer  to  pour  a 
few  drops  of  the  oil  in  the  palm  of  his  hand,  smell  it,  taste  it, 
feel  it,  rub  it  hard  between  the  fingers,  etc.,  thereby  determining 
the  properties  and  qualities  of  the  oils.  The  more  recent  or  pro¬ 
gressive  way  is  to  put  a  sample  up  to  the  laboratory  and  find 
out  the  quality,  etc.,  from  a  chemical  analysis. 

Doubtless  the  first  consideration  concerning  oils,  from  the 

consumers’  standpoint  is  efficiency  and  economy,  and  in  order 

to  obtain  these  results  satisfactorily  it  would  seem  immaterial 

%/ 

as  to  whether  the  oils  to  be  used  should  be  purchased  by  brand 

or  specification.  There  is  no  reason  that  the  specification  oils 

cannot  be  made  as  satisfactory  for  the  future  as  the  brand  oils 

%/ 

have  been  in  the  past,  for  any  and  all  purposes,  yet  to  advise 
Ihe  adoption  of  specification  oils  exclusively  would  likely  create 
a  multiplicity  of  cumbersome  specifications,  as  so  many  con¬ 
ditions  exist  that  would  require  special  specifications,  and  at  the 
present  time  many  of  the  large  manufacturing  firms  are  en¬ 
deavoring  to  systematize  and  standardize  in  as  many  commodi¬ 
ties  they  handle  as  is  possible,  eliminating  here  and  there,  with 
a  view  of  economy.  Unless  specifications  would  cover  all  phases 
of  the  oil  from  the  crude  to  the  finished  product,  I  cannot  see 
the  advisability  of  specification  oils  in  general. 

It  would  seem  immaterial  to  the  consumer  whether  the  oil 
to  be  purchased,  be  by  dry  or  wet  distillation,  whether  produced 
from  the  fields  of  Pennsylvania,  West  Virginia,  Ohio  or  Texas, 
just  so  long  as  the  most  satisfactory  efficient  and  economical 
results  are  obtained. 

A  reputable  oil  manufacturer  with  all  the  varied  complica¬ 
tions  that  comes  to  him  from  actual  experience  in  oil  troubles, 
ought  to  be  able  to  recommend  a  suitable  oil  by  brand  for  most 
any  condition  as  well  possibly  as  a  superintendent,  master  me¬ 
chanic  or  chemist  who  would  present  a  specification  oil.  Any 
responsible  oil  manufacturer  certainly  would  not  put  upon  the 
market  a  brand  of  oil  that  would  not  do  the  work  required  of 
it,  or  answer  the  purpose,  after  seeing  or  learning  the  conditions 
or  requirements. 

As  is  generally  understood,  the  qualifications  of  a  good 
lubricant  are:  A  minimum  coefficient  of  friction,  that  which  in 
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lubrication  most  nearly  approximates  fluid  friction;  sufficient 
body  to  prevent  surfaces  to  which  it  is  applied  from  coming  in 
contact  with  each  other  under  maximum  pressure;  maximum 
fluidity  consistent  with  the  body  required;  maximum  conduction 
of  heat;  a  high  temperature  of  decomposition,  that  is,  high  flash 
and  burning  points;  freedom  from  corrosive  acids  of  either 
mineral  or  animal  origin ;  freedom  from  all  minerals  which  tend 
to  produce  oxidation  or  gumming.  Its  lubrication  value  de¬ 
termined  from  the  cost  of  consumption. 

From  my  observation  and  experience  in  handling  oils  I 
have  every  reason  to  believe  these  results  can  be  obtained  with¬ 
out  elaborately  drawn  up  specifications.  From  a  neutral  stand¬ 
point  one  cannot  understand  why  it  will  be  necessary  to  enter 
into  all  these  long  drawn  out  stipulations,  unless  we  are  to 
anticipate  the  future  competition  in  the  oil  business  to  mean 
that  it  is  a  very  slippery  transaction  and  needs  watching  closer. 

Ordinary  specifications  may,  in  the  near  future,  become  a 
feasible  proposition;  however,  this  is  not  likely  to  occur  uni¬ 
versally,  unless  both  the  oil  manufacturer  and  the  consumer 
adopt  and  use  the  same  instruments  or  testing  apparatus.  The 
past  has  demonstrated  that  the  manufacturer  cannot  use  a 
Doolittle  or  Saybolt,  and  the  consumer  an  Engler  or  Redwood 
or  some  other  viscosimeter  and  tie  up  on  the  results. 

As  I  have  been  handling  oils  as  lubricants,  threading,  illu¬ 
minating,  etc.,  from  a  consumer’s  standpoint,  for  about  twenty- 
five  years,  I  find  I  get  up  against  some  new  ideas  very  frequently, 
and  as  I  have  not  had  a  great  deal  of  experience  in  handling 
specification  oils,  I  am  not  possibly  in  a  position  to  critisize  the 
introduction  of  specification  oils,  but  stand  ready  to  fall  in  line 
with  any  progressive  movement. 

From  the  success  I  have  had  in  handling  brand  oils,  and 
learning  of  the  troubles  some  others  have  had  with  specification 
oils,  I  am  not  ready  to  suggest  a  change  without  further  in¬ 
vestigation.  Recently  I  obtained  a  complete  set  of  specifications 
as  issued  by  the  Bureau  of  Supplies  &  Accounts,  Navy  Depart¬ 
ment,  Washington,  D.  C.,  and  being  desirous  to  learn  if  the 
specifications  as  formulated  were  satisfactory,  I  got  in  communi¬ 
cation  with  a  representative  of  the  department  and  was  informed 
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that  the  specifications  had  been  changed  several  times,  and  would 
likely  be  changed  again,  as  they  were  not  satisfactory.  I  also 
made  inquiry  recently  from  two  parties  who  had  changed  from 
brand  specification  oils  and  was  informed  that  in  both  cases  they 
were  having  a  great  deal  of  trouble. 

Presuming  that  the  purchasing  agent  is  buying  a  cylinder 
oil  known  as  ‘ ‘Satisfaction’ ’  brand,  and  which  is  being  used  in, 
say  ten  mills  with  all  the  conditions  usually  found,  such  as 
saturated  or  superheated  steam ;  from  two  to  twenty-four  grains 
of  acid  in  the  water,  with  various  boiler  compounds  being  used 
to  neutralize  the  conditions;  cylinders  in  various  makes  and  de¬ 
signs  of  engines  and  pumps,  from  ten  to  sixty  inch  diameter, 
high  and  low  speeds;  in  fact  a  general  diversity  of  mill  condi¬ 
tions,  with  probably  few  complaints  or  grievances  from  the 

mills;  it  might  be  possible  that  one  engineer  is  getting  along  with 

• 

two  drops  of  oil  per  minute,  while  another,  under  less  favorable 
conditions  is  using  six  drops  per  minute  and  another  ten  drops, 
and  so  on.  If  this  same  oil  is  covering  all  the  conditions,  the 
engineers  all  satisfied  and  the  cost  is  being  kept  down,  why 
look  for  the  unknown? 

A  representative  from  a  competing  oil  company  comes  along 
and  recommends  a  specification  oil  covering  the  schedule  of 
composition,  gravity,  viscosity,  flash,  fire,  cold,  acidity,  cloud, 
gumming,  being  more  economical,  guarantees  less  consumption, 
better  general  results,  etc.,  all  of  which  appeals  to  the  purchas¬ 
ing  agent  or  others  interested  as  being  worth  trying,  so  the  rep¬ 
resentative  is  given  the  privilege  of  going  into  the  works  to 
ascertain  conditions  and  he  returns  suggesting  something  like 
the  following: 

No.  1  Oil  for  condition  No.  I.  24  Gravity,  000  Flash,  GGO  Burn¬ 
ing,  210  Viscosity. 

No.  2  Oil  for  condition  No.  2.  25  Gravity,  580  Flash,  635  Burning, 
200  Viscosity. 

No.  3  Oil  for  condition  No.  3.  26  Gravity,  545  Flash,  590  Burning, 
150  Viscosity. 

No.  4  Oil  for  condition  No.  4.  24  Gravity,  595  Flash,  G50  Burning, 
200  Viscosity. 

No.  5  Oil  for  condition  No.  5.  25  Gravity,  585  Flash,  640  Burning, 
175  Viscosity. 
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Of  course  this  does  not  appeal  to  the  purchasing  agent  or 
others  as  being  just,  the  right  thing  to  do,  to  swap  off  one  brand 
of  oil  that  is  satisfactory  for  five  that  is  unknown. 

Dr.  I.  C.  Allen  :*  I  must  agree  with  Mr.  T.  D.  Lynch  and 
Mr.  C.  II.  Garlick  who  have  just  spoken,  that  by  critical  tests 
specifications  for  petroleum  products  can  be  prepared,  and  pre¬ 
pared  in  such  a  way  that  they  will  withstand  the  criticism  of  the 
consumer  as  well  as  the  refiner. 

In  many  instances  in  the  past  it  has  been  the  practice  to 
formulate  the  specification  from  whole  cloth  as  it  were,  by  a 
chemist  with  little  knowledge  of  the  origin  of  the  product,  and 
with  less  experience  as  to  the  use  to  which  the  product  was  to 
be  put.  His  information,  such  as  it  was,  has  usually  been  de¬ 
rived  from  books  and  was  not  adequate  and  the  specification  so 
prepared  has  led  only  to  confusion. 

But  when  men  of  experience,  men  who  are  actually  using 
these  products,  as  has  been  expressed  this  evening,  begin  to  study 
critically  their  individual  problems,  then  shall  we  get  the  in¬ 
formation  that  will  develop  specifications  that  will  be  of  use. 
These  men  should  make  running  tests  covering  as  long  a  period 
of  time  as  possible  and  should  endeavor  to  ascertain  which  oil 
will  answer  their  particular  purpose.  The  successful  oil  should 
then  be  described  critically  in  scientific  terms  and  also  the  tests 
themselves  in  detail.  And  by  this  method,  and  this  method  alone, 
can  we  ascertain  the  particular  properties  of  the  oil  desired. 

Then  the  refiner  should  be  consulted,  that  the  history  of  the 
oil  be  secured  and  a  critical  description  of  its  mode  of  prepara¬ 
tion  should  be  forth  coming,  that  facts  may  be  established  as 
to  the  probability  of  its  continued  production  in  commercial 
quantities  and  at  a  reasonable  price. 

Then  if  the  refiner  and  consumer  will  consult  together  with 
the  chemist  or  engineer,  experienced  in  methods  of  scientific  test¬ 
ing  who  has  a  well  equipped  laboratory  at  his  disposal  in  which 
to  make  independently  conformitory  tests  or  even  additional 
and  more  elaborate  tests  than  are  possible  in  the  shop  or  re¬ 
finery,  then  and  only  then  can  a  specification  be  formulated 

^Petroleum  Chemist,  U.  S.  Bureau  of  Mines,  Pittsburgh. 
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which  will  be  fair  to  the  refiner,  and  will  at  the  same  time  scien¬ 
tifically  describe  the  product  desired. 

We  should  not  attempt  to  use  an  oil  for  too  many  pur¬ 
poses.  We  should  specialize  on  our  oils  as  we  specialize  on  other 
products  in  the  industries.  For  certain  well  established  and 
fundamental  uses  we  can,  as  we  have  already  done  in  many 
instances,  ascertain  what  particular  oil  is  best  suited  for  our 
particular  use.  That  special  oil,  together  with  the  particular 
condition  of  use,  should  then  be  described  in  the  most  critical 
terms  possible,  both  by  the  man  on  the  job,  the  refiner,  and  the 
man  in  the  laboratory,  and  when  these  three  men  get  together 
they  can  probably  prepare  a  specification  that  will  withstand 
all  the  criticism  that  will  be  brought  against  it. 

The  proper  fulfilling  of  scientific  specifications  is  based  on 
tests,  physical  and  chemical,  in  the  refinery,  in  the  shop,  and 
in  the  laboratory.  The  tests  themselves  must  be  based  on  fun¬ 
damental  scientific  principles  and  therefore  the  methods  of  an¬ 
alysis  must  be  standardized,  and  the  instruments  used  in  test¬ 
ing,  must  so  far  as  possible,  be  made  independent  of  the  personal 
peculiarities  of  the  operator. 

In  a  word,  standardization  of  methods  of  analysis  and  in¬ 
struments  must  precede  the  formulation  of  specifications.  With 
this  in  view,  the  petroleum  technologists  of  Europe  have  formed 
an  association  called  the  International  Petroleum  Commission, 
which  is  studying  the  methods  of  analysis  of  petroleum  products 
in  much  detail  and  is  endeavoring  to  standardize  these  methods. 
This  work  so  far  has  only  just  begun,  but  it  is  a  start  in  the 
right  direction. 

Realizing  the  importance  of  this,  the  Bureau  of  Mines,  in 
its  efforts  to  increase  efficiency  in  the  utilization  of  petroleum 
products  of  all  kinds,  has  undertaken  the  preparation  of  speci¬ 
fications  for  certain  petroleum  products  purchased  by  the  Gov¬ 
ernment.  The  preparation  of  such  specifications  is  deemed  neces¬ 
sary  because  of  the  wide  differences  of  opinion  among  manu¬ 
facturers  and  consumers  of  these  products  and  because  of  the 
lack  of  uniformity  in  the  specifications  now  in  use. 

The  preparation  of  scientific  specifications  for  petroleum 


720  PROCCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 

products  is  difficult,  necessitates  a  large  amount  of  critical  re¬ 
search,  and  requires  a  considerable  time  for  completion. 

It  was  believed  the  preparation  of  these  specifications,  in 
fairness  to  all  concerned,  could  be  best  carried  out  by  obtaining 
the  cooperation  of  competent  men  who  have  had  training  in 
research  work  and  have  available  a  well-equipped  laboratory. 
This  work,  therefore,  is  in  cooperation  with  committees  of  the 
American  Chemical  Society,  the  American  Society  for  Testing 
Materials,  the  National  Petroleum  Association,  the  National  Fire 
Protection  Association,  and  the  International  Petroleum  Com¬ 
mission.  For  this  reason,  therefore,  the  Director  of  the  Bureau 
has  communicated  with  a  large  number  of  prominent  chemists 
and  engineers  throughout  the  United  States  soliciting  their  co¬ 
operation  and  advice  in  this  work.  Their  answers  have  been 
most  encouraging  and  there  is  now  being  organized  a  number 
of  testing  committees  to  carry  on  this  testing.  It  is  hoped  to 
have  these  committees  meet  together  in  the  near  future  when  an 
association  can  be  formed  for  the  cooperative  testing  of  petro¬ 
leum  products. 

Gentlemen,  it  is  by  these  careful  and  cooperative  methods 
of  testing  we  hope  to  be  able  soon  to  describe  petroleum  products 
of  all  kinds  in  such  definite  terms  that  they  can  be  reproduced 
by  reputable  refiners  and  be  purchased  by  the  public  in  the 
open  markets. 

Dr.  P.  H.  Conradson:  While  I  have  taken  more  time  with 
mv  talk  than  I  expected,  in  conclusion  of  my  remarks  I  will 
give  you  one  or  two  illustrations  of  how  difficult  it  is  to  specify 
even  for  oils  for  the  same  purpose.  As  an  illustration  we  may 
take  turbine  oil.  We  have  two  large  power  houses  doing  prac¬ 
tically  the  same  kind  of  work  using  horizontal  turbines,  one  of 
the  old  type,  using  sleeve  bearings,  the  other  of  the  same  ca¬ 
pacity  using  solid  bearings.  The  same  oil  was  started  in  at 
these  two  power  houses  two  and  one-half  years  ago.  After  two 
years  service,  and  here  it  may  be  stated  that  the  unit  oil  cir¬ 
culating  systems  for  these  turbines  contain  a  large  quantity  of 
oil,  the  oil  in  the  system  connected  to  the  type  of  turbine  with 
solid  bearings  has  changed  very  little  after  two  years.  The 
viscosity,  color,  etc.,  are  about  the  same  as  when  first  started,. 
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with  comparative  small  amount  of  developed  petroleum  acid 
oxidation  products.  On  the  other  hand,  the  oil  in  the  other 
power  house  with  the  old  type,  or  sleeve  bearing  turbines,  the 
oil  has  changed  very  much  in  the  same  length  of  time.  The 
oil  has  becomf  very  dark  in  color,  viscosity  much  higher  and  a 
large  quantity  of  petroleum  acid  oxidation  products  have  formed. 

Xow  it  is  clear  that  in  one  instance  the  oil  will  be  pro¬ 
nounced  as  giving  satisfactory  and  economical  service.  In  the 
other  power  house  of  course  it  will  be  claimed  that  the  oil  is  not 
giving  economical  service.  Here  we  have  conditions  that  will 
have  to  be  met.  Take  50  or  60  power  houses  with  different  types 
of  turbines  or  local  conditions,  and  we  can  readily  see  how  diffi¬ 
cult  it  would  be  to  draw  up  specifications  that  will  meet  the  re¬ 
quirements  in  general. 

Af  late  I  have  been  investigating  the  effect  of  different 
metals  on  straight  petroleum  lubricating  oils,  when  they  are 
exposed  to  air,  heat  and  moisture,  as  they  are  in  power  houses 
whether  used  with  reciprocating  engines  or  steam  turbines,  and 
have  obtained  some  very  interesting  as  well  as  unexpected  re¬ 
sults.  Briefly,  some  metals  such  as  brass,  galvanized  iron,  and 
copper  under  conditions  such  as  often  used  in  oil  circulating 
systems,  in  cooling  coils,  screens,  oil  pipes,  etc.,  have  a  very 
deleterious  effect  on  the  useful  life  of  the  oils.  This  is  merely 
one  more  point  of  the  many  factors  we  have  to  consider  in  p re¬ 
paring  specifications  for  lubricating  oils. 

From  these  remarks,  you  will  readily  appreciate  that  to 
prepare  or  make  specifications  and  make  laboratory  tests  of 
lubricants  of  real  practical  value,  not  only  to  the  consumer  but 
also  to  the  manufacturer,  involves  considerable  technical  and 
practical  knowledge  and  experience,  besides  full  and  complete 
laboratory  equipment,  and  opportunity  to  study  the  lubricants’ 
behavior  in  actual  service ;  and  the  chemists  or  engineers  who  are 
called  upon  to  give  a  qualified  opinion  as  to  the  relative,  com¬ 
parative  lubricating  values  of  oils  or  greases  for  a  given  service, 
considered  from  a  practical  and  economical  service  standpoint, 
have  indeed  a  difficult  problem. 

Mr.  E.  D.  Cawley  :*  Just  one  thought,  first  do  not  forget 
the  fact  that  there  is  no  lawfully  recognized  standard  for  test- 

♦Mechanical  Department,  Atlantic  Refining  Company,  Pittsburgh. 
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ing  lubricating  oils.  In  all  the  tests  spoken  of  this  evening  no 
distinction  whatever  is  made  in  regard  to  the  different  machines 
in  use.  There  are  several  w^ell  known  viscosimeters  on  the  mar¬ 
ket  and  each  has  a  standard  of  its  own  and  unless  we  know  the 
make  of  the  instrument  that  the  test  is  made  with,  together  with 
the  temperature  at  which  the  viscosity  is  taken,  the  result  would 
be  of  no  value,  and  even  then  unless  we  are  familiar  with  the 
different  viscosimeters  and  how  they  compare  as  to  results,  it 
would  not  be  intelligent.  For  instance,  on  a  Saybolt  Viscosi¬ 
meter  a  cylinder  oil  recently  tested  read  162  viscosity  at  212 
deg.  Fahr.,  while  on  a  Tagliabue  instrument  with  the  same  oil 
at  212  deg.  Fahr.  the  reading  was  232  viscosity. 

Engine  oils  are  often  tested  for  viscosity  at  about  70  deg. 
Fahr.  Our  company  makes  use  of  100  deg.,  and  it  will  readily 
be  realized  that  it  makes  a  large  difference  in  the  figures  de¬ 
pending  on  which  temperature  is  used.  Supposing  they  are  both 
taken  on  the  same  type  of  viscosimeter,  on  one  viscosimeter  the 
number  of  seconds  required  to  fill  a  given  size  vessel  through  a 
given  size  orifice  at  a  certain  temperature  determines  its  vis¬ 
cosity,  while  with  another  make  the  result  is  multiplied  by  two. 
Yet,  if  we  go  to  the  customer  and  say  we  have  an  oil  of  a  cer¬ 
tain  viscosity,  and  he  says  John  Smith  has  one  of  so  much,  and 
does  not  say  what  kind  of  a  machine  or  what  temperature  John 
Smith  uses,  it  is  not  intelligent.  Those  things  have  a  decided 
bearing  on  the  question. 

We  have  on  the  Monongahela  River  conditions  that  are  not 
the  same  as  on  the  Allegheny.  The  Allegheny  River  water  con¬ 
tains  little  acid,  the  Monongahela  River  is  full  of  acids,  espec¬ 
ially  so  in  the  summer  time  when  the  river  is  low.  It  is  one 
of  the  most  difficult  things  an  oil  man  has  to  do,  to  get  a  cylinder 
oil  that  will  meet  those  conditions.  If  a  boiler  compound  is 
used  to  soften  the  water  it  is  necessary  to  change  the  compound 
of  the  cylinder  oil  for  an  oil  that  will  do  good  work  with  Alle¬ 
gheny  River  water  may  not  get  results  with  Monongahela  River 
water,  especially  if  boiler  compounds  are  used  to  any  consider¬ 
able  extent. 


THEORY  OF  STEAM  ACCUMULATORS 

AND 

REGENERATIVE  PROCESSES 


By  F.  G.  Gasche,  M.  E.# 


From  the  viewpoint  of  the  Engineer  concerned  with  the 
problems  of  the  development  and  transmission  of  power,  in¬ 
dustrial  requirements  involving  variable  service  are  incompatible 
with  the  highest  efficiencies  of  conversion  of  heat  into  work 
On  rare  occasions  power  demands  are  so  nearly  constant,  or  their 
magnitude  so  readily  anticipated,  that  the  power  plant  equip¬ 
ment  can  be  adjusted  to  the  service  with  commendable  economy 
of  operation.  In  the  vast  majority  of  industrial  power  plants 
demands  are  so  exceedingly  variable  that  it  becomes  a  matter 
of  chief  concern  to  provide  reservoirs  of  fuel,  heat,  or  energy 
which  will  conserve  in  a  measure  those  losses  which  otherwise 
attend  these  unexpected  and  extreme  variations — witness  the 
large  expenditures  for  gas  holders,  reserve  water  capacity  in 
steam  boilers,  electric  storage  batteries,  and  flywheels  on  en¬ 
gines  and  motor  drives. 

It  is  almost  beyond  discussion  that  there  are  immense  in¬ 
vestments  in  steam  plants  now  in  service,  which  are  in  good 
physical  condition  and  capable  when  further  improved  by  the 
addition  of  low  pressure  turbines  of  operation  with  an  economy 
which  would  designate  as  a  commercial  crime  any  attempts  to 
substitute  other  equipment  of  power  producing  machinery. 

The  advent  of  the  low  pressure  steam  turbine  gave  rise  to 
the  necessity  of  another  form  of  heat  reservoir  known  as  an 
“Accumulator”  or  “Steam  Regenerator.”  Exhaust  steam  sup¬ 
ply  is  variable  in  nearly  all  installations  of  steam  engines,  'with¬ 
out,  however,  being  a  particularly  disturbing  factor  while  eon- 

Presented  at  the  regular  monthly  meeting  of  the  Society.  November  19, 
and  published  in  the  December,  1912,  Proceedings. 

♦Mechanical  Engineer,  Illinois  Steel  Company,  Chicago. 
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densing  operation  is  the  practice.  The  exceptions  are  few  where 
there  would  not  be  commercial  advantage  in  operating  the  en¬ 
gines  non-condensing  and  making  further  use  of  the  steam  in 
low  pressure  turbines,  provided  there  were  no  great  losses  of 
steam  to  the  atmosphere  with  peak  loads  on  the  engine  and  in¬ 
sufficient  capacity  of  the  turbine.  It  is  the  function  of  the  steam 
regenerator  to  reconcile  these  incompatible  conditions  by  provid¬ 
ing  a  commercially  accessible  heat  reservoir. 

An  extended  discussion  might  be  presented  concerning  the 
circumstances  under  which  regenerators  should  be  applied,  or 
where  their  use  would  be  of  no  commercial  advantage,  but  the 
infinite  variety  of  power  plant  situations  can  be  more  thor¬ 
oughly  anticipated  by  a  general  theory  of  the  apparatus.  The 
following  analysis  is  presented  with  the  hope  that  it  may  be  of 
interest  and  value  to  those  of  the  Engineering  Profession  who 
may  have  to  deal  with  this  feature  of  power  plant  engineering. 

notation 

Q  =  Heat  absorbed,  B.  t.  u. 

0  =  Time  in  minutes  during  which  heat  is  applied  to  the  ab¬ 
sorbing  agent. 

T  =  Temperature  of  steam  entering  regenerator,  deg.  Fahr. 
ti  =  Initial  temperature  of  absorbing  agent,  deg.  Fahr. 
t2  =  Final  temperature  of  absorbing  agent,  deg.  Fahr. 
t  =  Intermediate  temperature  of  absorbing  agent,  deg.  Fahr. 
W=  Weight  of  heat  absorbing  agent,  pounds. 

W'=  Weight  of  water,  pounds. 
w  =  Weight  of  water  circulated  per  minute,  pounds. 

C  =  Specific  heat  of  absorbing  agent. 

H  ==*  Total  heat  of  steam  in  regenerator  steam  spaces,  B.  t.  u. 
at  a  temperature  t. 

Total  heat  of  steam  in  regenerator  steam  spaces,  B.  t.  u. 
at  a  temperature  t1}  etc. 

K  =  Empirical  constant  peculiar  to  size  and  type  of  regenerator. 
C ,  C" ,  C'"  are  constants  of  integration. 

V  =  Volume  of  receiver  spaces — cubic  feet, 
e  =  2.71828.  Base  of  Naperian  Logarithms. 
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H'=  Heat  expenditure  at  a  prime  mover  to  accomplish  the 
movement  of  w  lbs.  of  water  per  minute. 
w 

A  =  ,  a  ratio  generally  less  than  unity. 

e  =  Mechanical  efficiency  of  pumping  apparatus. 
e'=  Efficiency  of  power  transmission. 

€"=Thermodynamic  efficiency  “at  the  shaft”  of  a  prime  mover. 
h-\-h'=  Total  head  on  pumping  apparatus,  feet. 

S  =  Specific  volume  of  steam  at  temperature  t. 

Si=  Specific  volume  of  steam  at  temperature  tj. 
m  =  Pounds  of  steam  per  minute  from  regenerator. 

M  =  Pounds  of  steam  per  minute  to  regenerator. 

The  subscript  notation  as  applied  to  the  several  quanti¬ 
ties  Q,  6>  T,  t,  H,  etc.,  is  in  general  understood  to  indicate 
values  applying  to  different  specific  conditions  as  outlined  in 
the  text. 


IRON  REGENERATOR 

The  most  elementary  form  of  steam  accumulator  or  re¬ 
generator,  so  far  as  its  method  of  operation  is  concerned,  con¬ 
sists  of  a  closed  chamber  containing  iron  as  a  heat  absorbing 
agent.  The  distribution  of  this  iron  favors  a  more  or  less  ready 
access  by  the  exhaust  steam.  The  sensitiveness  to  change  of 
temperature  depends  largely  on  the  degree  of  subdivision  of 
the  mass  of  iron,  and  particularly  on  the  amount  of  surface  ex¬ 
posed  to  the  steam.  While  the  earliest  forms  of  steam  ac¬ 
cumulators  followed  this  construction,  soon  to  be  abandoned 
for  more  efficient  types,  the  apparatus  is  interesting  in  forming 
the  basis  of  a  consistent  theory  of  the  action  of  regenerators  or 
accumulators  in  general. 

Fig.  1  shows  the  essential  features  of  the  iron  accumu¬ 
lator,  consisting  of  a  closed  chamber,  D,  with  exhaust  inlet,  A, 
and  outlet,  B,  while  E  is  a  fanciful  arrangement  of  iron  bars 
with  which  we  are  at  present  concerned.  For  brevity  in  the 
references  to  the  mass  of  iron,  this  will  be  called,  in  what  fol¬ 
lows,  the  body  E. 
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From  the  assumption  that  the  rate  of  heat  transmission 
to  the  body  E  varies  directly  as  the  difference  of  temperature  of 
E  and  the  exhaust  steam,  we  may  say* 

#  =*  (T  —  t)  . (l)t 


Since  the  heat  given  out  by  the  steam  in  the  time  d6  is 
the  heat  absorbed  during  a  rise  of  temperature  dt  by  the  body 


E,  we  have 

dQ  =  WC  •  dt .  (2) 

Combining  with  (1), 

d  t 

WC~=  K(T-t) . (3) 

whence, 

+  .  (4) 

C'  being  the  constant  of  integration,  i.  e., 

WC 

0  =  ~  ^-log€  (T-t)  +  C  . (5) 

When 


0  =  0,  then  t  =  tlf  and 
WC 

C'  =  log  AT -U) 


whence 

6  = 


K 

WC 

K 


log. 


T  —  U 
T  —  t 


which  shows  6  infinite  when  t  =  T. 


(6) 

(7) 


*This  conception  is  consistent  with  the  analytical  theory  of  heat  as  de¬ 
veloped  by  Fourier  and  subsequent  writers. 

dQ  1 

t Note:  Dimensions  of  K.  From  (1),  K=  -  *  j,  ^  Then  by  definition: 
heat  1  heat  transfer  per  unit  area  .  surface 


K= 


time  temperature  difference 
heat  •  surface 


time  .  temperature 


area  .  time  .  temperature 

=  (rate  of  heat  transfer  per  unit  area  per  unit  temperature  differ¬ 
ence)  .  (surface  per  unit  time) 

=  (rate  of  heat  transfer  per  sq.  ft.  per  1  deg.  temp,  diff.)  .  (surface 

in  sq.  ft.  per  min.) 

=  (rate  of  heat  transfer  per  sq.  ft.  per  1  deg.  temp,  per  min.)  .  (sur¬ 
face  in  sq.  ft.) 


GASCHE — THEORY  OF  STEAM  ACCUMULATORS 

A 


727 


m  bm  m 


^  ^  ^ 


^ 


r  E8  a 


sa  a  ^ 


srm 


1  ssi  B$a 


I 


^  KOS 


^  ^  ^ 


Kfl  ^  ^ 


Ka  ^  ^ 


^  ^  ^  i  tsa  wts 


Fie..  I . 


I'R.OM’  KjELGrUNEZRAl-CTL- 


A  particular  case  of  importance  is: 

*-?>*.  (fci) . <»> 

From  (7)  we  derive 

m j.  K() 

— —  =  e  WC  . < . (9 ; 

T  —  t  v 

otherwise 

K0 

t  =  t  —  (T  —  U)  c  wc  . (10) 
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Substituting  in  (1), 

ze 

dQ  =  K  (T  —  U)  rwc~  •  de . (11) 

from  which 

Q  - - WC  \T  —  U)  €  wc  +  C" . (12) 

when  6  =  0,  then  0  =  0 

and  the  constant  of  integration  becomes 

C"  =  WC  (T  —  U)  . (13) 

Finally : 

<  - 

Q  =  WC  (T  —  tt)  (l  —  e  wc  ) . (14) 


If  the  absorption  of  heat  was  not  retarded  by  the  internal 
thermal  resistance  of  the  body  E,  the  final  temperature  t2, 
would  be  identical  with  the  constant  steam  temperature  T. 
This  “ temperature  lag”  causes  a  lower  heat  absorption,  to  an 
extent  suggested  by  the  exponential  term  of  (14). 

If  the  average  temperatures  t]_  and  t2  of  the  body  E  could 
be  measured,  we  would  have  from  (9)  and  (14) 


Q2  =  WC  (t2  —  t])  . (15) 

Note  that 

Q  =  WC  (t  —  if)  in  general.  .  . . . .  (16) 

as  otherwise  apparent;  i.  e. : 


Heat  =  Weight  •  Specific  Heat  •  T emperature. 

Let  the  temperature  of  the  steam  be  suddenly  reduced  to 
T1  <  1 2,  a  situation  approached  when  there  is  a  cessation  of  flow 
of  steam  through  the  opening  A  into  chamber  D.  A  similar  re¬ 
arrangement  of  temperatures  is  experienced  with  a  sudden  in¬ 
crease  of  demand  for  steam  for  the  turbine  attached  to  the  out¬ 
let  B,  particularly  when  the  outflow  from  B  is  greatly  in  excess 
of  the  inflow  at  A.  Under  such  circumstances  we  assume  the 
general  law,  equation  (1),  to  apply  and  say,  Q  being  a  decreas¬ 
ing  function  in  this  case, — 
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. . . (,7) 

Note  that 
(T,<t) 

also  that 

_  dQ  =  WC  dt . (18) 

and 

WC  ~f=  —  K  ( t  —  T ,) . (19) 

+c' . (20) 

e=--^-\ogt  ( t  —  T,)+c ,  . (21) 

when  0  =  0  then  t  =  t2 
and 

wr 

c,=  ^  log t(U  —  Tt)  . (22) 

whence : 

-¥*.  (fe£) . «> 

which  is  infinite  for  t  =  Tt 
from  (23)  we  have 

y.  _  m  K6 

-c  ™  (24) 
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Substituting  in  (18), 

K± 

dQ  =  K  (t2  —  Tj)  e  .  dO  . (25) 

and 

- ,  _EL 

Q  =  —  WC  (U—T,)  <■  wc  +  C,  . (26) 


when  6  =  0,  then  Q  =  0 
and 


Ci  =  WC  (: ti  —  T ,) 


(27) 
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as  a  result, 

Q  =  WG  (tt  —  3"i)\l  — «  wo) . (28) 

From  (24)  and  (28),  similar  to  treatment  of  (15)  and  (16), 

Q  =  WC  (t2  —  t)  . (29) 

The  foregoing  theoretical  relations  for  the  action  of  steam 
regenerators,  using  iron  as  the  storage  agent,  necessarily  assumes 
that  the  several  temperatures  of  the  metal,  viz.,  t,  t1}  t2,  are 
the  average  temperatures  throughout  the  section  of  an  element. 
These  are  not  easily  determined  with  rapid  temperature  changes 
within  the  regenerator.  Therefore,  experimental  determinations 
of  the  characteristics  of  this  type  of  regenerator  would  be  diffi¬ 
cult.  The  observation  of  these  temperatures  in  later  forms  of 
regenerators  is  comparatively  easy,  since  water  is  largely  em¬ 
ployed  as  a  heat  storing  agent.  The  characteristic  constant  K 
may  thereby  be  derived  from  the  special  experiments  that  may 
be  undertaken,  and  the  whole  action  of  the  regenerator  in  a 
given  application  can  then  be  predicted. 


STATIC  WATER  REGENERATOR 

Water  is  the  heat  reservoir  in  modern  forms  of  steam  re¬ 
generators  for  the  reasons  of  low  cost,  heat  capacity,  and  rapid 
liberation  of  heat  with  fall  of  temperature.  An  early  form  of 
mixed  iron  and  water  regenerator  consisted  of  an  arrangement 
of  shallow  cast  iron  pans  containing  more  or  less  water.  The 
exhaust  steam  had  access  to  the  whole  of  the  exterior  of  each 
pan  and  to  the  surface  of  the  water.  The  transfer  of  heat  dur¬ 
ing  the  absorption  period  was  chiefly  a  conduction  through  the 
sides  and  bottom  of  the  pans,  and  a  conduction,  presumably  at 
about  the  same  rate,  from  the  surface  of  the  water  downwards. 
The  liberation  of  heat  during  the  regenerative  period  is  chiefly 
at  the  water  surface,  following  a  law  of  heat  transfer  quite  dif¬ 
ferent  from  the  statement  of  equations  (18)  to  (29)  for  iron 
regenerators.  The  absorption  period  will  follow  the  laws  ex¬ 
pressed  by  equations  (1)  to  (15),  inclusive,  with  important 
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changes  in  the  constants  K  and  C.  The  latter  will  be  1.00  for 
purposes  of  analysis  instead  of  C  =  0.11  for  iron.  K  will  be 
numerically  much  larger  for  a  given  surface  exposure  than  the 
simple  iron  regenerator  will  permit.  The  relations  point  to 
smaller  weights  and  dimensions  for  a  given  capacity  of  regenera¬ 
tor  of  the  second  type  as  compared  with  the  first. 

n 


i 


m  i=r 


VI 


m  tv) 


m  iv 


r-~. 


m  ^ 


m  ^ 


-n 


3  i"="J  i  r=-- 


^  J  m 


~F~  /  Gr.  fL  , 

3 tatic  Water  ‘ReGtE/ve.rator 


At  the  same  time  we  must  recognize  that  the  heat  absorbing 
agent  E'  (of  Fig.  2)  is  composed  of  a  weight  WC  -f-  TP'  where 
TP'  is  the  weight  of  the  water  and  TP  is  the  weight  of  iron  in 
the  construction,  C  being  the  specific  heat  of  the  latter.  We  have 
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as  a  consequence  for  the  regenerator  of  the  type  of  Fig.  2  the 
following  relations : 


During  Absorption 

T  — 

T  —  t 


WC  +  W' 
K 


T  —  tA 
T  —  U) 


kb 

T  —  t  =  (T  —  t])  e  WC  W’ 


..(7a) 
. .  (8a) 
(10a) 


Q  =  (WC  +  W')  (T—t 


,»t- 


K6 


wc  +  W'l. .  (14a) 


Q  =  (WC  +  W')  (t2  —  t1) . (15a) 

Note 

Q  =  (WC  +  W')  (t  —  t])  in  general . (16a) 


Illustrative  Cases : 

As  an  illustration  of  the  characteristics  of  the  two  types  of 
regenerators  (Fig.  1  and  2)  numerical  applications  will  be 
made  to  an  assumed  steam  supply  and  time  for  the  various  ac¬ 
tions.  Consider  a  steam  flow  of  500  lbs.  per  minute  into  the 
regenerator  at  223°  Fahr.  temperature  and  18.2  lbs.  absolute 
pressure,  the  initial  temperature  of  the  iron  being  210°  Fahr. 
Let  the  uniform  flow  of  the  steam,  due  to  the  demands  of  the 
turbine,  be  300  lbs.  per  minute.  Thus  the  heat  storage  con¬ 
sists  of  the  latent  heat  in  200  lbs.  of  steam  per  minute ;  200  • 
962.7  =  192  540  B.  t.  u.  per  minute.  Suppose  this  storage  of 
heat  must  continue  for  one  and  one-half  (1  y2)  minutes,  owing 
to  variations  in  the  steam  supply  through  opening  A,  Fig.  1. 
Assume  that  the  state  of  subdivision  of  the  iron  is  such  that 
there  is  33  000  sq.  ft.  of  surface  exposed  to  the  steam,  through 
which  the  rate  of  heat  transmission  is  1.5  B.  t.  u.  per  square 
foot  per  minute  per  degree  difference  of  temperature.  For 
these  proportions  we  derive : 


Q  =  1.5  •  192  540  =  288  810  B.  t,  u. 

K  =  1.5  •  33  000  =  49  500,  as  apparent  from  equation  (1). 
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Substituted  in  equation  (14) 

288  810  =  W  [0.11  (223  —  210)] 


or 


201  900  =  W 


1 

67.5  000 
W 


1 


1 

'  4-9  500  •  1.5 

e  o.n  ir  ~ 


which  is  satisfied  by  a  value  approximately 

W  =  210  000  lbs. 


The  temperature-time  relations  as  calculated  by  equation 
(10)  are  shown  on  Fig.  3  as  curve  a,  the  maximum  temperature 
of  the  iron,  222.5°  Fahr.  approximately,  corresponding  to  an 
absorption  period  of  ninety  (90)  seconds. 

A  regenerator  of  the  second  type  will  be  examined  by  the 
evidence  of  equations  (7a)  to  (14a),  inclusive,  assuming  the 
same  volume  of  iron  pans  and  water,  viz.,  437  cu.  ft.,  that  ex¬ 
ists  for  the  preceding  illustrative  case  for  the  iron  in  Fig.  1. 
If  we  also  assume  the  same  surface  exposed  to  the  steam,  viz., 
33  000  sq.  ft.,  we  will  incidentally  presuppose  such  thin  metal 
in  the  pans  that  in  all  probability  the  weight  of  iron  will  be 
about  30%  of  the  weight  of  the  water.  Thus,  if  W'  is  the 
weight  of  the  water,  the  weight  of  iron  and  water  will  be  1.3  W', 
and  the  quantity  W C  +  ^ '  of  the  above  equations  will  be 

W'  [1  +  0.3  (0.11)]  =  1.033  W' 

The  total  weight  of  iron  and  water  is  derived  from  the  assum¬ 
ed  volume  of  pans  and  their  contents,  437  cubic  feet,  thus 

W'  =  26  230  lbs. 

W  =  7870  lbs. 

The  heat  transfer  per  square  foot  per  minute  per  degree 
Fahr.  difference  of  temperature  is  derived  from  experimental 
values  quoted  by  E.  Hausbrand,  and  is  numerically  4.85.  • 
The  value  of  K  =  4.85  •  33  000  =  160  050.  Using  equation 

*E.  Hausbrand;  “Evaporating,  Condensing  and  Cooling.”  Scott,  Green¬ 
wood  &  Co.,  London. 
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(14a)  we  will  determine  the  time  required  to  absorb  the  quantity 
of  heat,  Q  =  288  810  B.  t.  u.  as  applied  to  the  iron  regenerator, 

thus 

/  1G0  050  .  0  \ 

288  810  =  W'  (1.033)  (13)[l  —  €  (1.033)  26  230  j 

from  which  02  =  0.28  min.  =  16.8  sec. 


/ 
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The  final  temperature  of  the  water  is : 

tt  =  210  +  (1033)  (26230)  =  22063  Pahr- 

The  “temperature-time”  curve  for  this  regenerator  is  lo¬ 
cated  by  equation  (10a)  and  is  shown  as  curve  b  of  Fig.  3.  This 
diagram  also  shows  curve  a',  the  relations  between  time  of  ab¬ 
sorption  and  the  total  heat  absorbed  for  the  iron  regenerator, 
and  b'  a  similar  curve  for  the  static  water  regenerator.  These 
show  the  times  required  to  absorb  the  quantity  of  heat  288  810 
B.  t.  u.,  viz.,  90  seconds  for  curve  a'  and  16.84  seconds  for  curve 
b'. 


It  is  seen  from  the  form  of  these  curves  that  there  is  no 
such  definite  quantity  as  a  “rate  of  absorption”  peculiar  to 
each  regenerator,  as  a  little  examination  of  equation  (11)  (and 
a  similar  form  for  the  water  regenerator)  will  show  that  the 
rate  of  absorption  varies  with  the  time  of  exposure  to  the 
steam.  The  average  rate  of  absorption  for  any  period  approxi¬ 
mating  to  the  normal  service  of  a  regenerator  is  scarcely  sug¬ 
gestive  of  the  characteristics  represented  by  curves  a'  and  b' . 
When  we  examine  improved  forms  of  regenerators,  cases  will 
be  found  where  the  heat  is  stored  almost  as  rapidly  as  it  is  sup¬ 
plied  under  certain  conditions,  at  which  time  the  rate  of  ab¬ 
sorption  can  hardly  be  considered  as  a  defining  characteristic 
of  the  regenerator.  Nevertheless  the  absorption  period  reveals 
the  merits  and  defects  of  a  given  installation,  since  the  subse¬ 
quent  “regenerative”  period,  during  which  steam  is  deliver¬ 
ed  to  the  turbine,  is  reproduced  once  by  any  tank  of  hot  water 
having  the  same  weight  of  heated  water. 


REGENERATORS  WITH  FORCED  CIRCULATION  OF  THE  WATER 

Another  type  of  steam  regenerator,  (see  Fig.  4)  consists  of 
a  reservoir  I)  containing  a  large  body  of  water  E  which  is 
circulated  by  a  pump  F  or  equivalent  apparatus  capable  of 
delivering  the  water  at  a  pressure  to  spray  at  the  apparatus  G. 
The  fall  of  water  from  G  is  assumed  to  be  such  that  it  arrives 
at  the  surface  of  E  at  the  temperature  of  the  steam.  It  is  pos¬ 
sible  to  have  such  a  small  surface  exposure  and  such  a  rapid 
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movement  through  the  pump  F  and  spraying  apparatus  G  that 
this  equality  of  temperature  is  not  attained.  The  water  E  is 
subject  to  no  convective  movements  of  importance  during  the 
absorption  period,  and  it  may  be  assumed  that  the  surface  of  E, 
due  to  accumulations  from  G ,  rapidly  rises  to  the  temperature 

of  steam,  after  which  there  is  no  heat  transfer  by  surface  con¬ 

tact  to  the  water  E.  This  surface  is  relatively  small  and  the  pre¬ 
ceding  assumption  will  simplify  the  analysis  of  the  case.  If 
there  are  resistances  including  the  difference  of  level  be¬ 
tween  the  surface  of  E  and  the  spray  pipe  G,  the  energy  and 

equivalent  heat  expenditure  to  raise  the  water  would  be  im¬ 
portant  to  the  extent  of  the  amount  of  water  in  circulation. 


'Fotz.c.eijd  C itzcuu/ktio /v  ’Regenerator. 


The  direct  losses  by  this  form  of  regenerator  become  mat¬ 
ters  of  great  concern,  in  view  of  the  actual  resistances  on  the 
pump  or  other  circulating  apparatus  being  much  larger  than 
the  static  head  7tj.  In  general,  the  requisite  movement  of  water 
is  attended  by  considerable  loss  as  dynamic  effect  of  the  pump, 
or  as  a  pressure  and  temperature  drop  for  the  steam  flowing 
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trough  the  apparatus.  As  far  as  the  useful  effect  in  raising 
water  is  concerned,  it  is  immaterial  whether  this  is  due  to  the 
pump  or  an  energy  loss  directly  traceable  as  increased  back 
pressure  on  the  engines. 

Let 

Q'  =  heat  transferred  to  the  regenerative  system  as  a  whole 

in  B.  t.  u. 


Neglecting  the  small  amount  of  heat  transferred  at  the 
level  surface  of  the  water  E,  Fig.  4,  the  rate  of  transfer  of  heat  is 

=H'  +  w  (T-t) . (30) 

in  which  wC,  where  C  is  the  specific  heat  and  assumed  as  unity 
in  this  case  (for  water),  is  numerically  equal  to  a  value  of  K 
for  this  type  of  regenerator.  This  might  be  derived  by  an  in¬ 
volved  process  which  can  be  avoided  by  the  statement  in  the 
form  of  equation  (30).  It  might  be  noted  that  a  change  in  the 
value  of  w  would  conform  to  a  change  in  the  amount  of  sur¬ 
face  exposure  in  other  types  of  regenerators,  which  would 
affect  the  value  of  K. 

The  addition  of  heat  to  the  system  is  measured  by 


dQ'  =  Wdt  +  H'  dO 
from  this 

=  w  —  -f  E' 
dO  dO  1 


from  (30)  and  (32), 
dt  __  w 
T  —  t  W 
Integrating, 
w 


d6 


W 


e  =  —  log.  (T  —  t )  +  C' 


when  <9  =  0,  then  t  =  ti  and 

C'  =  log  (T  —  ti)  . .  . 
€ 

Therefore, 

T  —  t,\ 


w 

W 


e  =  log, 


T  —  t 


(31) 

(32) 

(33) 

(34) 

(35) 

(361 
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which  is  infinite  for  t  =  T 

otherwise, 

w  a 

T  —  t  =  (T  —  t,)  t  w  8  . (37) 

Substituting  this  value  in  (30) 

=  H'  +  IV  (T  —  tt)  e  W6  . (38)* 

cLu 

w 

Q'  =  E'  e—W  (T  —  t,)  r~w  6  +C"  ...  (39) 


when  0  =  0,  then  Q  =  0 
and 

C"  =  W  (T  —  it)  . 


Finally : 


H'O  -\-  W  (T  —  it) 


1 


• • (40) 

• • (41) 


ESTIMATE  OF  THE  VALUE  OF  H' 


1  w  (Ti  — {-  hi) 
778  ’  e  •  e'  •  e" 


(42) 


Under  the  best  conditions  the  combined  efficiency  repre¬ 
sented  by  e  •  e'  •  e"  can  scarcely  exceed  0.10.  For  ordinary 
equipment  of  pump,  etc.,  this  will  be  0.05  and  under. 


*Note:  Dimensions  of  wC  =  w  where  C  is  unity. 
By  definition 

w  =  weight  in  lbs.  of  water  circulated  per  min. 
or 


to  =  rate  in  lbs.  per  unit  of  time  = 


total  weight 
time 


Then 
wC  — 


weight  .  specific  heat  _  temperature  difference 
time  temperature  difference 


or 

total  heat 

wC  =  r- - 1 - —  K  in  dimensions 

time  .  temp.  diff. 

Thus 

to  —  K  numerically  where  C  —  1. 


740  PROCEEDINGS  ENGINEERS  ’  SOCIETY  WESTERN  PENNA. 

Equations  (30)  to  (41),  inclusive,  are  in  a  complete  form 
suitable  for  comparison  with  regenerators  of  other  types.  The 

heat  storage,  neglecting  receiver  steam,  is  confined  to  the  water 
in  the  regenerator,  and  to  examine  its  action  H'  may  be  neglect¬ 
ed.  Equations  (37)  and  (41)  then  become 


t  =  (T  —  tt)  € 


a  e 


Q  =  W  {T  —  ti) 


1  — 


a  e 


(37a) 

(41a) 


provided  we  express  w  in  terms  of  W,  thus  iv  =  AW.  A  unity 
value  of  A  would  signify  that  the  entire  amount  of  water  was 
delivered  through  the  spray  apparatus  in  one  minute.  For  a 
forced  circulation  this  would  be  a  rare  possibility,  and  the 
value  of  H'  would  become  so  large  that  the  operation  of  the 
regenerator  would  be  commercially  inadvisable.  The  diagram, 
Fig.  5,  shows  the  theoretical  relations  of  temperature,  heat  ab¬ 
sorption  per  ton  of  water,  and  time,  for  a  steam  temperature 
of  223°  Fahr.  and  an  initial  temperature  of  water  of  210°  Fahr. 

Comparing  (36)  with  (7),  (23),  and  (7a),  and  (41)  with 
(14),  (28),  and  (14a)  we  note  that  the  value  of 


is  equivalent  to 


K 

W 


If  the  heat  stored  in  the  water,  equation  (41a),  is  called 
a  gain,  and  the  heat  required  to  circulate  the  water,  H' ,  a 
loss,  it  is  seen  that  there  is  no  commercial  advantage  in  oper¬ 
ating  this  type  of  regenerator  when 


(  —A  f)) 

H'  6  =  W  (T 

I . 

. (43) 

W  =  W  ( T  - 

. 

. (44) 

The  limiting  values  of  H',  corresponding  to  a  given  time  0, 
are  shown  on  Fig.  6  for  selected  values  of  A,  and  an  assumed 
complete  absorption  of  heat  from  the  steam  to  the  water  in 
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terms  of  B.  t.  u.  per  ton  of  water  in  the  regenerator.  For 
values  of  H'  below  the  curve  in  question  there  is  a  net  saving 
or  gain  of  heat. 


ILLUSTRATIVE  CASE 


Regenerator  with  Circulation  produced  by  Spraying  in  the 

Steam  Supply  Pipe. 


W  =  6S  000  lbs. 
w  =  23  900  lbs.  per  min. 
h  -f-  hi  =  12.1  feet 
6  =  2.82  minutes 


T  =  223.8°  Fahr. 

U  =  208.3°  Fahr. 

t2  =  218°  Fahr.  by  calculation. 

A=  ~  -=  0.351 


Fig.  7  shows  the  characteristics  of  this  regenerator. 
Temperature-time  curve 


t  *==  223.8 


15.5 

€  0.351  0 


(45) 


Heat-time  curve 

- B;  t'  U~  -  =  =  31  000  (  ! 

tons  of  water  W  x 


1 

e  0.351  Q 


Assuming  0.005  overall  efficiency  of  steam  jet  as  a  pump 
23  900  •  12.1 


H'  = 
H' 


tons  water 


778  • 

74  400 
34~ 


0.005 


74  400  B.  t.  u.  per  min. 


2187  B.  t.  u.  per  min.  per  ton  of  water 
in  the  regenerator. 


It  will  be  observed  on  Fig.  7  that  the  rate  of  delivery  of 
heat  is  measured  by  the  tangent  of  the  angle,  with  due  ob¬ 
servance  of  the  scales  on  the  axes,  which  a  tangent  line  at  a 
given  point  on  the  heat-time  curve  makes  with  the  horizontal 
axis.  In  cases  where  forced  circulation  is  secured  by  the  ac¬ 
tion  of  a  pump  or  similar  device  continuously  operated,  the 
equivalent  heat  expenditure  becomes  a  matter  of  grave  concern. 
If  the  absorption  periods  are  separated  by  long  intervals  of 
time,  there  is,  in  fact,  for  the  heat  absorption  curve  of  any 
regenerator  of  this  type,  a  point  corresponding  to  some  definite 
time  at  which  the  tangent  line  is  parallel  to  the  rate  represent- 
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ed  by  the  numerical  value  of  H' .  This  means  that  the  work 
represented  by  its  heat  equivalent  H' ,  which  must  be  expended 
in  circulating  the  water,  is  equal  to  the  heat  absorbed  by  the 
water  in  the  regenerator  and  given  out  later,  and,  therefore, 
there  is  no  actual  heat  saving.  Continued  operation  of  the 
pump  after  this  particular  instant  means  an  increasing  loss  to 
the  plant.* 

If  the  heat  absorption  is  not  complete,  the  curves  of  Fig. 
6  and  Fig.  7  will  be  determined  by  smaller  values,  and  hence 
lie  closer  to  the  horizontal  axis,  and  the  resultant  net  saving  in 
heat  will  be  less. 


REGENERATORS  WITH  INDUCED  CIRCULATION 

A  Kegenerator  in  which  the  transfer  of  heat  from  steam  to 
water  is  facilitated  by  the  entry  of  numerous  small  steam  jets 
into  the  body  of  the  water  is  shown  in  two  different  forms,  Fig. 
8  and  Fig.  9.  The  application  of  heat  below  the  surface  of  the 
water  favors  the  production  of  rapid  currents  in  the  same, 
considerably  accelerated  by  the  change  of  density  from  a 
simple  water  column  to  the  presence  of  rising  bubbles  of  steam. 
These  currents  may  be  said  to  be  induced  currents,  as  contrasted 
with  the  action  of  a  pump  or  similar  device,  and  the  circulation 
may,  for  the  sake  of  distinction,  be  called  induced  circulation. 

To  a  certain  extent  the  circulation  is  forced,  from  the 
necessity  of  delivering  the  steam  in  jets  more  or  less  beneath 
the  water  surface,  and  the  steam  supply  must  be  at  a  pressure 
sufficiently  above  that  in  the  space  8  to  overcome  this  water 


*Note: 

From  (38),  when 
H’  —  w(T —  t\)e 


w 


JV 


6 


H'  Q  23  900  _  a  a 

--  =  2187=:  ^  (15.5)  e 


34 


34  34 

0.361  $ 


=  10  890  e 

0.351  0  1  0  8  90 

Then  e  =  =  4-98  and  °-351  6  — loSe  4-98  —  ~-3026  log10  4.98 


From  this  Q  = 


1.605 


0.351 


=  2.3026  •  0.69723  =  1.605 


=  4.57  min.  =  say  4.6  min.  approximately. 
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column.  In  any  case  the  submersion  of  the  steam  jets  is  small 
as  compared  with  elevations  of  water  required  with  regenerators 
of  the  exclusively  “forced  circulation”  type. 

In  Fig.  8  a  steam  conduit,  F,  has  numerous  small  openings 
on  its  side,  commencing  with  a  horizontal  diameter  for  the  first 
row  and  with  successive  rows  of  openings  below.  The  steam 
space,  Fj  of  this  pipe  is  free  from  water  during  the  regular  serv¬ 
ice  of  the  regenerator,  as  a  portion  of  the  steam  is  trapped  in 
this  space.  C  is  a  trap  or  water  leg  to  keep  the  water,  E,  at  a 
constant  level,  since  accumulations  of  hot  water  may  be  ex¬ 
pected  from  the  exhaust  from  any  ordinary  engine. 

In  Fig.  8  the  static  head,  li,  is  a  measure  of  the  difference 
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of  pressure  of  steam  at  A,  the  inlet,  and  B,  the  outlet  to  the 
regenerator.  In  1907,  while  supervising  the  design  of  the  re¬ 
generator  applied  to  the  plant  of  the  International  Harvester 
Company  at  South  Chicago,  (see  Power  and  Steam,  June,  1907, 
for  illustrations  and  tests)  it  was  suggested  by  the  writer  that 
this  static  head  of  water  could  be  reduced  by  using  the  con¬ 
struction  of  steam  supply  pipe  F  of  Fig.  9.  By  keeping  the 
vertical  perforated  plates,  below  F,  near  together  and  suitably 
proportioning  the  top  row  of  holes,  there  is  scarcely  any  varia¬ 
tion  of  the  level  of  the  water,  E,  and  a  minimum  of  difference  of 
pressure  of  the  steam  between  connections  A  and  B.  The  cir¬ 
culation  of  water  is  so  rapid1,  and  the  distribution  of  heat  is 
so  thorough,  that  a  difference  of  temperature  of  the  several 
parts  of  the  water,  E,  is  almost  beyond  detection.  Whatever 
the  law  of  heat  transfer  applicable  to  this  form  of  regenerator, 
we  can  circumscribe  the  problem  by  several  conclusions : 

First.  The  transfer  of  heat  from  the  steam  to  the  water 
is  not  instantaneous.  This  transfer  must  occur  at  the  surfaces 
of  bubbles  and  jets,  the  extent  of  the  surface  of  which  will  de¬ 
termine  the  rate  of  heat  transfer  in  a  given  time. 

Second.  When  the  steam  and  water  have  the  same  temp¬ 
erature  there  is  no  heat  transfer. 

From  the  foregoing  we  are  justified  in  following  the  law 
of  heat  transfer  that  is  known  to  apply  to  circumstances  more 
readily  examined,  until  more  exact  experiments  prove  the  con¬ 
trary  to  be  the  case.  Therefore,  for  any  given  regenerator  with 
the  induced  circulation,  we  will  assume  that: 

The  rate  of  heat  transfer  is  proportional  to  the  difference 
of  temperature  of  the  water  and  the  steam.  With  the  nota¬ 
tion  preceding  equation  (30),  except  that  w  and  H'  are  not 
required, 


(47) 


also 


(48) 


dQ  =  Wdt 


From  these,  following  the  processes  for  equations  (1)  to 
(14),  inclusive,  with  the  understanding  that  K  is  a  coefficient 
peculiar  to  the  regenerator  with  induced  circulation, 
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For  the 
absorption 
period 
only. 


W  _  /T  —  tj  \ 

6-  K  logi(z,_f  ) . 

. (49) 

w  ,  [T  —  tj  \ 

6‘  K  °g‘\T  —  tt) . 

. (50) 

t  =  T  —  (T  ■ —  tj)  e  w  .... 

. (51) 

1  Ke 

Q  =  W  (T  —  t2)  ll  — c  W 

. (52) 

Q  —  WV  —  ti) 


(53) 


The  value  of  K  will,  in  ordinary  regenerator  calculations, 
develop  from  specific  tests  on  this  form  of  apparatus,  concern¬ 
ing  which  methods  will  be  outlined  in  what  follows.  The 
amount  of  surface  contact  between  steam  and  water  is  constant¬ 
ly  varying  during  an  absorption  period.  The  steam  bubbles 
tend  to  expand  on  rising  through  the  water,  and  the  abstraction 
of  heat  tends  to  their  contraction.  For  illustrative  purposes, 
the  surface  of  contact  per  minute  will  be  considered  as  the  ag¬ 
gregate  periphery  of  the  steam  jets  in  feet  multiplied  by  the 
velocity  of  the  steam  leaving  the  jets  in  feet  per  minute. 

The  value  of  K  will  be  estimated  on  the  assumption  that 
the  heat  transferred  per  minute  per  square  foot  of  contact  sur¬ 
face  is  3  B.  t.  u.  per  deg.  Fahr.  difference  of  temperature  which 
has  been  approached  with  surface  condenser  performance, 
though  at  a  temperature  considerably  below  the  region  of  re¬ 
generator  action.  This,  however,  is  not  conclusive  evidence  of 
the  rate  of  heat  transfer  when  steam  and  water  are  in  contact. 


Illustrative  Case 

3816  jets  (1284  jets  each  diam.,  1248  jets  each  %" 
diam.,  1284  jets  each  diam.) 

Steam  delivered  at  17.5  lbs.  absolute  pressure  1000  lbs. 
per  min. 

Steam  delivered  at  17.5  lbs.  absolute  pressure  22  600  cu.  ft. 
per  min. 

Total  periphery  of  jets,  604  feet. 

Average  velocity  of  jets,  3000  feet  per  min. 

Surface  exposed  604  •  3000  =  1  812  000  sq.  ft.  per  min. 


748  PROCEEDINGS  ENGINEERS  ’  SOCIETY  WESTERN  PENNA. 


Value  of  K  for  this  regenerator, 

3  •  1  812  000  =  5  436  000 

Weight  of  water  W=  110  000  lbs. 

K  5  436  000 

— - - -  =  49  4 

TV  110  000 

ti  =  210°  Fahr.  assumed. 


T  =  220.92°  Fahr.  for  17.5 

10.92 


t  =  220.92 


e  49.4  0 

Q  =  110  000  •  10.92  (l  — 

Heat  per  ton  of  water 
2000  Q  Q 


W 


55 


-=  21  840 


lbs.  absolute. 


(54) 


(55) 


These  results  are  shown  by  the  curves  on  Fig.  10,  from 
which  it  can  be  seen  that  about  98%  of  the  capacity  for 
heat  storage  is  realized  in  the  first  5  seconds.  This  may  be 
affected  somewhat  by  the  assumed  rate  of  heat  of  transfer  as 
above,  but  the  result  is  significant. 


RECEIVER  SPACES  AS  HEAT  RESERVOIRS 


A  certain  amount  of  receiver  space  preceding  a  regenerator 
is  valuable  in  equalizing  the  pressures  of  steam  from  an  en¬ 
gine  when  the  load  is  exceedingly  variable  from  one  revolution 
to  another,  as  in  the  case  of  some  rolling  mill  drives.  A  re¬ 
ceiver  space  between  a  regenerator  and  turbine  is  of  value  as  a 
heat  reservoir,  but  it  is  generally  advisable  to  put  the  money 
required  for  its  construction  into  additional  regenerator  ca¬ 
pacity.  The  following  relations  and  example  will  suggest  the 
possibilities  of  the  device.  The  heat  stored  in  the  receiver  is : 


(56) 
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Illustrative  Case 

V  =  2300  cu.  ft.  for  a  receiver  8.5  ft.  diam.  by  40.5  ft.  long. 
Initial  absolute  pressure  lbs.  per  sq.  inch  =  14.13. 

Final  absolute  pressure  lbs.  per  sq.  inch  =  17.53. 


St  =  27.80 
S  =  22.74 
H2  =  1149.6 
H  =1153.7 


From  Marks  &  Davis  Steam  Tables. 


Substituting  in  (56) 

Qv  =  21574  B.  t.  u.,  approximately. 


The  rate  of  storage  of  this  heat  is  dependent  entirely  on 
the  rate  of  flow  of  steam  into  the  receiver  ivhen  a  regenerator 
does  not  precede  the  receiver. 

The  allowance  for  heat  storage  in  receiver  spaces  must  be 
made  in  exact  tests  of  regenerators  and  the  general  theory  of 
the  absorption  period  phenomena  for  induced  circulation  re¬ 
generators  must  involve  the  influence  of  receiver  so  that  the 

TJ 

quantity  FL  becomes  important.  Between  the  temperatures  of 

200°  Fahr.  and  245°  Fahr.,  corresponding  to  absolute  pres¬ 
sures  of  11.52  and  27.3  lbs.  per  square  inch,  this  relation  can 
be  expressed  with  an  error  less  than  one  per  cent  by  the 
formula : 

~  =  0.00729*2  —  2.2877S  +  200.26  . (57) 

O 

where  t  is  the  temperature  in  degrees  Fahr. 

This  relation  is  shown  on  the  curve  (Fig.  11),  the  use  of 
which  will  facilitate  calculation  of  heat  storage  in  receiver 
spaces.  The  range  of  temperature  applying  to  the  diagram 
(Fig.  11)  in  all  probability  will  cover  the  range  of  regenerator 
service. 


REGENERATOR  ACTION  AS  INFLUENCED  BY  STORAGE  OF  HEAT  IN 
RECEIVER  STEAM  ABOVE  THE  WATER 

For  the  purpose  of  the  analysis  of  the  action  of  regenera¬ 
tors  with  induced  circulation,  combined  with  the  steam  spaces 
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between  the  water  and  the  turbine,  we  must  consider  the  mo- 

as  a  function  of  the  temperature,  observe 

(57).  Thus, 


a  -*(«■-<>  . <«> 

dQ  —  1C  •  dt  +  1'  f  §  '  dt . (58) 

at  \  o  j 


=  [W  +  V  (0.0146  t  —  2.2877)  ]  dt . (59) 

from  (47)  and  (59) 

TT  +  V  (0.0146  t  —  2.2877) 


K  (T  —  t) 


dt  =  d6 


(80) 


6  =  A  hlF  _  V  (2.2877  —  0.014627))  log,, 


—0.0146  (t  —  t,)  V 


] 


l  T—t 
(61) 


For  practical  purposes,  considering  the  large  value  of  K 
in  comparison  with  V,  this  becomes 


TT  +  V 

K 


(  T  —  t , 
\  T—t 


(62) 


The  relation  of  heat  storage  and  time  are  capable  of  de¬ 
velopment  along  the  lines  of  (52),  a  time-temperature  curve 
having  been  obtained  for  a  given  regenerator  by  (62)  or  (61), 
as  the  precision  of  results  may  require.  The  simultaneous  heat 

accumulations  for  anv  instant  can  be  determined  from  the  sev- 

*/ 

eral  temperatures  by  the  formula  (for  the  absorption  period) 


Q  =  W  (t  — 


ti)  +  1 


f  H 


8 


(63) 


The  dotted  curves  on  Fig.  10  show  the  influence  on  the 
temperature  and  heat  curves,  due  to  the  steam  in  the  receiver 
space  of  this  particular  regenerator.  The  steam  space  was  ap¬ 
proximately  1600  cu.  feet.  The  curve  for  total  heat  storage  is 
practically  the  same  as  that  for  heat  storage  in  the  water  alone, 
showing  the  small  influence  of  the  receiver. 
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TIIE  REGENERATIVE  PERIOD 


For  regenerators  of  the  types  shown  in  Figures  2,  4,  8, 
and  9,  the  “regenerative”  process  follows  entirely  different  laws 
from  those  applying  to  the  “absorption”  period.  It  is  reason¬ 
able  to  believe  that  the  state  of  the  steam  in  the  receiver  of  a 
regenerator  of  good  design  is  that  conforming  to  the  surface  of 
the  water  in  the  regenerator.  For  a  quiescent  state  of  the  water 
the  temperature  at  a  given  level  beneath  the  surface  is  that  due 
to  combined  vapor  and  hydrostatic  pressure.  The  slightest  re¬ 
duction  of  receiver  pressure  is  therefore  responsible  for  libera¬ 
tion  of  heat  throughout  the  water.  While,  in  the  nature  of 
things  this  release  of  heat  could  not  occur  instantaneously,  the 
readjustment  of  temperatures  is  attained  in  such  a  brief  interval 
of  time  that  we  must  look  for  other  controls  of  the  regenerative 
process. 

Suppose  the  equilibrium  of  temperatures  throughout  the 
regenerator  has  been  reached.  At  any  instant  let-  there  com¬ 
mence  a  uniform  demand  for  steam  to  the  amount  of  m  pounds 
weight  per  minute.  It  remains  to  establish  the  relations  of 
this  flow,  the  temperatures  and  the  heat  abstractions  with  refer¬ 
ence  to  the  time. 

The  heat  given  out  by  the  regenerator  at  any  time  after 
the  start  of  the  regenerative  period  is,  with  t2  >t, 

Q  =  w  (U-t)  +  - J-j . (64) 

from  (57)  and  (64) 

Q  =  W  (*,  —  t)  +  V [0.00729  (t  l  —  *2)  —  2.2877  (**  —  t)  ] 
. . . (65) 

from  this 


dQ  =  —  [W  +  V  (0.01458*  —  2.2877)  ] .  dt  . . .  (66) 
We  have  also 


dQ 

d6 


—  mH  =  m 


[1071.0  +  0.3745*  ] 


(67)* 


*Marks  &  Davis  steam  tables  give  on  page  100 

H  =  1150.3  0.3745  ( t  —  212)  4.  0.00055  ( t  —  212)s 

The  above  value  is  sufficiently  accurate  for  the  range  of  temperatures 
in  regenerator  problems. 


754  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 


Combining  (66)  with  (67) 


W  +  V  (0.01458 t  — 2.2877 ) 

C  m  (1071.0  +  0.3745*)  dt 


...(68) 

Considering  the  initial  value  of  t  =  t2  when  6  =  0 


6  = 


1 

m 


W  —  44  y 


log 


Hi 


+  0.0389  V  (t2 


—  O]  .(69) 


0.3745  H 

For  practical  applications  this  is  expressed  with  sufficient 
accuracy  by 

(t,  —  t)  (W  —  0.85  V 


6  = 


1152 


m 


(70) 


If  we  consider  the  expansion  of  receiver  steam  without  the 
influence  of  water  in  the  vicinity  at  the  same  temperature  we 
have  for  the  receiver  steam 

e=  —  (o.0389  (u  —  t)  —  270.0  \ogl0~-'j. .  (71) 

A  distinction  from  the  above  relations  must  be  made  in  the 
case  of  imperfect  regenerator  action,  particularly  during  the 
“ absorption  period”,  where  the  water  in  the  regenerator  has 
not  attained  the  temperature  of  the  receiver  steam.  This  sit¬ 
uation  compels  the  delivery  of  heat  by  the  receiver  steam  alone 
until  its  temperature  drops  to  that  of  the  surface  water.  The 
time  for  this  expansion  can  be  determined  by  (71)  when  the 
precision  of  test  results  requires  notice  of  these  relatively  short 
intervals. 

The  heat  given  out  by  such  defective  regenerator  action 
throughout  the  whole  regenerative  period  is 

Q  =  W  (h  —  t)  +  V  . (72) 

For  a  given  lower  limit  of  temperature  t  =  t1}  which  may 
be  established  from  local  considerations. 

q  =  w  (*t  -  ti)  +  y  ^ } . (73) 

In  a  regenerator  with  perfect  absorption  this  would  be 
Q  -  TF  (f,  —  *,)  +  V  (-^2-  _  ). . (74) 

With  some  propriety  the  ratio  of  (73)  to  (74)  might  be 
called  the  “ efficiency  of  the  regenerator.” 
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Illustrative  Case  For  Regenerative  Period 

In  order  to  show  the  significance  of  the  relations  (64)  to 
(73),  inclusive,  the  following  data  will  be  assumed,  with  the 
supposition  that  “imperfect  absorption”  has  resulted  on  a  re¬ 
generator  with  induced  circulation  by  the  opening  of  a  by-pass 
valve  admitting  live  steam  into  the  receiver  space.  (See  Fig.  12). 


W  =  110  000  lbs.  V  =  1600  cu.  feet 

m  =  350  lbs.  per  minute 
t3  =  235°  Fahr.  H3  =  1158.7 

^  =  221~  Fahr.  //>  =  1153.7 

tt  =  210°  Fahr.  Ht  =  1149.6 

By  (71),  Time  for  Receiver  Expansion  from  t3  to  t2  is 


1600 

350 


(a 


0389(14)  —270  log10 


1158.7 


0.173  min.  =  10.4  sec. 


1153.7 

By  (69),  Regenerator  Expansion  Complete  from  t3  to  t1  is 

110  000  —  44  (1600)  .  1153.7 


6  = 


1  /110  000  —  44 
350  (  0.3745 

+  0.0389(1600)  (11)  )==  3.03  min. 


1149.6 


By  (73),  Actual  Heat  Storage,  steam  from  t3  to  th  water  from 
t2  to  t]_  is 

Q  =  110  000  (11)  +  1600  [65.25  —  41.35  =  23.90  =  1  210  000 
+  38  240  =  1  248  240  B.  t.  u. 

By  (74),  Theoretical  Heat  Capacity,  steam  and  water  t3  to  tj  is 

O  =  110  000  (25)  +  1600  [65.25  —  41.35  =  23.90  ]  =  2  750  000 
+  38  240  =  2  788  240  B.  t.  u. 

Ratio  of  (73)  to  (74),  Efficiency  of  Regenerator  is 


1  248  240 
2788  240 


=  44.8% 


REGENERATOR  ACTION  WITH  SIMULTANEOUS  INFLOW  AND  OUTFLOW 

OF  STEAM 

At  any  instant  the  water  and  steam  in  the  regenerator  is 
at  a  temperature  t.  The  steam  supplied  has  temperature  T  and 
a  total  heat  H0.  The  heat  resident  in  the  regenerator  is, 
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Q  =  W  (f  —  32)  +  V  f  . (75) 

If  there  is  a  constant  outflow  of  steam  from  a  regenerator 
of  m  pounds  per  minute,  the  rate  of  change  of  the  heat  contents 

is, 


dQ 

dd 


=  K  (T  —  t)  —  m  H 


(76) 


If  the  action  shall  cease  to  be  that  of  absorption  only  for 
the  maximum  rate  of  delivery  from  the  engines  of  M  pounds 
of  steam  perr  minute,  then 


K  (T  —  t)  =  MH0 


(77) 


where  H0  is  the  total  heat  of  the  entering  steam. 

If,  in  practice,  T  is  limited  to  220°  Fahr.  and  t  =  0.995  T 
for  regenerators  with  induced  circulation,  then  an  approximate 
value  of  K  is, 

K  =  1050  M . (78) 


The  illustrative  example  for  regenerators  with  induced 
circulation  indicates  the  further  treatment  of  K,  if  a  design  is 
contemplated.  Extended  analysis  of  the  action  of  regenerators 
under  the  above  conditions  may  be  useful  in  special  investiga¬ 
tions  and  tests,  in  which  case  the  general  differential  equation 
would  apply,  viz : 


dO  =  — 


W  +  V  (0.01458 1  —  2.2877) 

K  (  f  —  t )  —  m  (1071  —  0.37450 


.  dt  .(79) 


which  is  derived  from  (66)  and  (76)  and  the  value  of  H  from 
(67),  and  is  comparable  with  (60). 


TESTS  OF  REGENERATORS 

Tests  of  regenerators  should  be  made  with  a  view  to  de¬ 
termining  the  following: 

First.  The  absorption  characteristic,  including  the  numeri¬ 
cal  value  of  K,  or  of  A. 

Second.  The  regenerative  characteristic,  chiefly  as  an  in¬ 
dication  of  the  heat  storage  capacity  and  the  efficiency  of  the 
regenerator. 
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Third.  The  pressure  losses  of  steam  due  to  the  passage  of 
steam  through  the  regenerator. 

Fourth.  The  ultimate  heat  expenditure  to  accomplish  the 
movement  of  water  and  the  flow  of  heat  to  and  from  the  ap¬ 
paratus. 

A  simple  process  of  establishing  the  first  item  would  con¬ 
sist  in  simultaneous  time  and  temperature  observations.  With 
the  regenerator  heated  to  some  standard  lower  temperature,  say 
210°  Fahr.,  and  with  the  outlet  B  closed  (after  air  has  been 
discharged  from  the  receiver  space),  suddenly  admit  steam  at 
the  entrance  A  while  maintaining  the  pressure  of  the  same  very 
constant  at  say  20  lbs.  absolute  pressure,  about  228°  Fahr. 
temperature.  Applying  this  data  to  the  formula  (37),  (51), 
or  (61),  according  to  the  action  of  the  regenerator  and  the  type, 
it  will  be  found  that  the  temperature  of  the  water  is  not  uni¬ 
form  at  any  instant  between  the  start  and  finish  of  the  observa¬ 
tions  as  above  described.  Under  the  circumstances  the  average 
temperature  of  the  whole  body  of  water  must  be  approximated 
from  the  readings  of  thermometers  set  at  a  number  of  points  in 
the  body  of  water.  If,  in  addition  to  the  above  observations,  an 
exact  knowledge  of  the  amount  of  heat  entering  the  regenera¬ 
tor  up  to  each  time  is  obtained,  observation  will  enable  a  very 
satisfactory  derivation  of  A  from  (41a)  and  K  from  (52),  ne¬ 
glecting  the  value  of  Hr  in  the  former  for  this  experiment.  Ap¬ 
plying  the  heat  in  the  manner  proposed,  and,  with  no  escape 
of  steam  at  the  outlet  B,  there  will  be  a  rapid  rise  of  tempera¬ 
ture  during  the  early  part  of  the  experiment,  at  which  time  the 
various  observations  are  most  important. 

The  regenerative  characteristics  can  be  conveniently  de¬ 
rived  by  raising  the  temperatures  of  the  regenerator  to  some  con¬ 
veniently  high  point,  say  220°  Fahr.  At  convenience,  close  the 
inlet  A,  so  that  no  further  additions  of  heat  can  be  made  to  the 
regenerator  for  the  succeeding  period  when  simultaneous  time 
and  temperature  observations  are  made.  The  drop  of  tempera¬ 
tures  is  to  be  secured  by  a  continuous  and  uniform  abstraction 
of  heat  through  the  outlet  B  to  a  condenser.  The  admission  of 
steam  to  the  condenser  should  be  governed  by  a  nearly  stationary 
position  of  a  throttled  outlet  valve,  which  control  is  proposed  in 
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order  to  prevent  sudden  departures  from  as  nearly  uniform 
flow  of  steam  in  pounds  per  minute  as  possible.  The  condenser 
.  is  a  means  of  determining  the  aggregate  heat  delivery  from  the 
regenerator  up  to  each  time  observation. 

At  the  start  of  this  experiment  it  is  particularly  important 
to  have  the  temperature  of  the  steam  in  the  receiver  and  the 
average  temperature  of  the  water.  All  the  observations  can  be 
adjusted  by  consideration  of  the  equations  (69)  to  (74),  in¬ 
clusive,  with  the  understanding  that  circulation  of  water  in 
regenerators  of  the  type,  Fig.  4,  must  be  prevented  during  the 
experiments  which  are  to  define  the  regenerative  characteristic. 

The  third  and  fourth  items  are  attended  by  few  difficulties 
which  the  experimenter  cannot  surmount.  1  The  manner  of 
deriving  the  value  of  H'  has  been  explained  in  connection  with 
equation  (42). 

The  Author  is  indebted  to  Mr.  R.  S.  Younglove,  M.  E., 
for  assistance  in  the  preparation  of  diagrams  and  in  much  of 
the  numerical  work  involved  in  the  illustrative  cases. 

DISCUSSION 

[Additional  written  discussion  from  any  source,  if  received,  will  be 
published  in  the  May,  1913,  issue  of  the  Proceedings. — Editor.] 

Mr.  L.  Battu*  :  I  have  read  with  great  interest  Mr.  Gasche ’s 
masterly  paper.  It  is  I  think,  remarkable  to  see  how  the 
formulas  given  by  Mr.  Gasche  concur  exactly  with  the  results 
obtained  in  tests  made  upon  regenerators  in  operation. 

Steam  regenerators — or  better,  steam  regenerative  accumu¬ 
lators — were  invented  by  Prof.  Rateau  in  1900  and  sometime 
during  the  year  1901  the  first  plant  was  put  in  operation  at  the 
Bruay  Mines  in  France.  In  this  plant  the  exhaust  steam  from 
a  hoisting  engine  was  passed  through  a  Rateau  regenerator  and 
by  means  of  this  apparatus  furnished  a  steady  supply  of  steam 
to  a  Rateau  low  pressure  turbine.  Since  then  several  hundred 
installations  have  been  put  in  operation. 

I  believe  Mr.  Gasche ’s  paper  will  help  very  greatly  to  dis¬ 
pel  the  misconstruction  on  steam  regenerators.  Quite  a  num¬ 
ber  of  engineers  have  considered,  and  still  continue  to  con¬ 
sider,  steam  regenerators  as  heat  storage  reservoirs,  which  have 

♦President,  Rateau  Steam  Regenerator  Co.,  New  York. 
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no  other  function  than  to  furnish  steam  during  periods  of  shut¬ 
down  of  mill  engines. 

An  engineer  representing  one  of  the  largest  turbine  manu¬ 
facturers  in  this  country  stated  less  than  a  year  ago,  in  a  paper 
referring  to  low  pressure  turbines,  that  the  advent  of  the  mix¬ 
ed  pressure  turbine  had  made  the  steam  regenerator  obsolete. 
Such  ideas  spread  broadcast  by  turbine  manufacturers  have 
been  misleading  and,  in  the  specific  case  of  a  steel  works  located 
in  Georgia,  led  engineers  to  use  the  exhaust  of  two  power  en¬ 
gines  and  also  a  reversing  engine  in  mixed  pressure  turbines 
without  a  steam  regenerator.  The  result  was  what  could  have 
been  expected.  The  turbines  used  the  exhaust  of  the  two  power 
engines  and  practically  all  the  steam  from  the  reversing  engine 
was  lost.  The  deficiency  of  low  pressure  steam  available  to  the 
turbines  was  such  as  to  oblige  them  to  run  on  high  pressure 
steam  two-thirds  of  the  time,  although  large  amounts  of  exhaust 
steam  were  going  to  waste.  Later  on  a  steam  regenerator  was 
installed  and  the  turbines  now  use  very  little  high  pressure 
steam. 

A  steam  regenerator  is  an  equalizer  for  a  flux  of  steam. 
It  acts  as  a  steam  condenser  in  which  the  circulating  water,  being 
a  limited  mass,  is  alternately  heated  by  the  fact  that  it  con¬ 
denses  steam,  and  cooled  by  evaporation  when  the  pressure  in 
the  vessel  in  which  condensation  takes  place  is  reduced. 

I  quite  agree  with  Mr.  Gasche  that  the  steam  regenerator 
problem  consists  in  condensing  very  rapidly  with  hot  water  a 
very  large  excess  of  steam  discharged  by  the  mill  engine  and 
that  the  question  of  re-evaporation  is  more  or  less  obvious,  in 
asmuch  as  a  mass  of  water  at  a  given  temperature  will  evaporate 
if  the  pressure  prevailing  in  the  vessel  in  which  it  is  contained 
is  reduced. 

Nevertheless,  the  question  of  static  head  in  the  mass  of 
water  is  to  be  considered  and  it  is  very  advantageous  to  have 
regenerators  designed  in  such  a  wray  as  to  allow  all  the  hot 
water  to  be  brought  to  the  surface  and  there  to  freely  evaporate. 

Referring  to  the  static  water  regenerator,  quite  a  number  of 
these  machines  have  been  built.  I  believe  that  their  number 
approximates  thirty.  In  the  Rateau  regenerator  of  this  type 
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the  design  is  such  that  the  water  of  condensation  entrained  by 
the  exhaust  steam  is  allowed  to  fall  from  tray  to  tray,  thus 
creating  some  circulation  in  the  divided  masses  of  water.  The 
surface  of  contact  is  increased,  as  there  is  a  circulation  of  water 
in  all  the  trays.  Regenerators  of  this  type  have  been  used  when 
the  exhaust  steam  was  delivered  by  mill  engines  which  were 
running  condensing  on  central  condensers.  The  increase  of  back 
pressure,  due  to  the  fact  that  the  engines  were  designed  to  run 
condensing  and  were  made  to  run  non-condensing  when  com¬ 
pounded  to  the  regenerator  and  low  pressure  turbine,  prohibited 
the  range  of  pressures  permissible  in  the  regenerator  from  being 
more  than  a  pound.  There  is  practically  no  loss  in  a  static 
water  regenerator,  as  the  steam  is  not  injected  into  the  water 
and  because  the  only  contact  of  water  and  steam  is  surface  con¬ 
tact.  These  regenerators  are  obviously  very  expensive.  Many  of 
them  contain  at  least  500  or  600  tons  of  pig  iron  trays.  It  would 
be  possible  to  imagine  a  steam  regenerator  of  this  type  in 
which  trays  were  made  of  tin  plate  and  these  trays  filled  to  only 
a  fraction  of  an  inch  with  water.  The  mass  of  heat  retaining 
material,  trays  and  water,  woidd  be  divided  to  the  utmost,  and 
the  rapidity  of  absorption  would  be  as  great  as  possible.  The¬ 
oretically,  this  regenerator  would  be  the  most  efficient  that  could 
be  built.  Practically,  such  a  regenerator  would  be  enormously 
expensive  and  its  ability  to  withstand  service  would  be  very 
slight. 

In  this  country,  where  central  condensing  plants  are  not 
in  use  and  where  all  reversing  engines  are  run  non-condensing, 
the  steam  regenerator  of  the  water  induction  type  is,  and  will 
be,  used  exclusively.  In  this  type  of  regenerator,  the  exhaust 
steam  is  injected  into  a  mass  of  water  and  this  mass  of  water 
is  kept  in  very  active  circulation,  the  circulation  being  induced 
by  the  passage  of  the  steam  through  the  water.  The  loss  of 
power  due  to  the  passage  of  steam  through  the  water  can  al¬ 
ways  be  maintained  very  small ;  under  a  fraction  of  a  pound 
when  the  regenerator  is  designed  properly. 

Figure  9  of  Mr.  Gasche's  article  shows  one  element  of  the 
Rateau  regenerator  as  built  now.  On  each  side  of  the  down¬ 
ward  flanges,  extending  from  pipe  F  into  the  mass  of  water, 
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which  carry  the  holes  through  which  the  steam  escapes  into 
the  water,  are  located  vertical  baffle  plates  entirely  submerged 
in  the  water  and  extending  from  end  to  end  of  the  regen¬ 
erator.  The  steam  enters  pipe  F,  depresses  the  water  between 
the  parallel  flanges,  and'  is  injected  through  holes  perforated  in 
these  flanges  into  the  water.  On  one  side  of  the  plates  there 
will  be  an  ascending  column  of  water,  and  on  the  opposite  side 
will  be  a  descending  column  of  water.  In  the  ascending  column 
the  water  is  mixed  with  the  steam  flowing  toward  the  steam 
space  in  the  regenerator,  and  in  the  descending  column  of 
water  there  is  no  steam  at  all. 

Begenerators  must  comprise  quite  a  number  of  these  ele¬ 
ments.  They  are  generally  grouped  in  our  machines  two  by 
two  in  each  vessel.  Often  we  are  obliged  to  operate  several  ves¬ 
sels  in  parallel  in  order  to  obtain  a  greater  contact  of  steam 
and  water.  The  water  circulation  obtained  by  this  design  of 
regenerator  is  intense  and  can  be  made  as  great  as  desired 
by  locating  the  holes  injecting  steam  into  the  water  at  levels 
increasing  in  depth. 

It  must  not  be  overlooked  that  when  the  steam  stops  flow¬ 
ing,  the  circulation  in  the  regenerator  is  not  instantaneously 
stopped.  Quite  on  the  contrary.  When  the  steam  stops  flow¬ 
ing  the  ascending  current  of  water  and  steam  remains  a  mix¬ 
ture  of  water  and  steam  the  static  head  on  the  water  dimin¬ 
ishes  continuously,  and  the  water  brought  from  the  lower  lay¬ 
ers  has  a  tendency  to  transform  itself  into  steam,  this  being 
due  to  the  diminishing  of  pressure.  On  the  other  side  of  the 
plate  the  descending  column  of  water  has  no  tendency  to  give 
up  steam  as  the  static  head  of  water  is  continually  increasing 
on  it.  A  slow  circulation  is  thus  maintained,  but  this  circu¬ 
lation  is  quite  sufficient  to  allow  the  entire  mass  of  water  to  ar¬ 
rive  at  a  practically  uniform  minimum  temperature. 

Figure  10  shows  that  regenerators  of  the  type  referred 
to  above  attain  for  all  practical  purposes  their  maximum  tem¬ 
perature  in  some  five  seconds.  This  high  rate  of  absorption  is  a 
necessity. 

In  studying  the  diagrams  showing  the  mass  of  steam  dis¬ 
charged  from  second  to  second  by  mill  engines  during  the  mill 
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cycle,  one  realizes  immediately  that  if  the  regenerator  did  not 
absorb  as  rapidly  as  it  actually  does,  it  would  in  no  way  oper¬ 
ate  in  a  satisfactory  manner. 

If  the  circulation  is  slow;  i.  e.,  if,  for  instance,  several 
minutes  were  necessary  to  put  the  flux  of  steam  in  contact  with 
the  entire  mass  of  water,  the  regenerator  would  cause  a  loss 
instead  of  being  the  agency  of  a  very  large  saving. 

The  design  of  regenerators  must  also  take  into  considera¬ 
tion  the  fact  that  the  mass  of  water  contained  in  the  regenera¬ 
tor  goes  through  the  critical  point  of  ebullition  at  very  fre¬ 
quent  and  short  intervals,  and  that  large  quantities  of  water 
are  being  constantly  transformed  from  water  into  steam,  and 
from  steam  into  water.  Experience  shows  that  there  are  ele¬ 
ments  which  must  be  carefully  taken  into  consideration  as  to  the 
amount  of  water  into  which  a  given  quantity  of  steam  can  be 
made  to  penetrate  without  causing  large  entrainments  of  water. 

In  a  regenerator  properly  designed  the  steam  discharged 
is  .  dry  saturated  steam  and  the  percentage  of  moisture  contain¬ 
ed  is  always  less  than  one  percent.  As  a  matter  of  fact,  in  the 
throttling  calorimeter  tests  we  have  made,  we  have  never  found 
more  than  six  tenths  of  one  percent.  The  drying  of  the  steam  is 
due  to  its  passage  through  the  water  of  the  regenerator. 

The  receiver  referred  to  by  Mr.  Gasche  in  his  paper,  which 
is  located  between  the  exhaust  of  the  mill  engine  and  the 
regenerator  had  as  useful  purpose  the  cushioning  of  the  relief 
valve  and  was  not  considered  by  us  in  any  way  as  having  any 
practical  use  as  regards  steam  storage.  We  have  now  valves 
which  can  perfectly  well  stand  the  violent  blows  of  the  exhaust 
of  reversing  engines  and  agree  with  Mr.  Gasche  that  the  use 
of  a  receiver  is  more  than  questionable. 

It  has  been  my  privilege,  in  collaboration  with  Mr.  Smoot, 
to  introduce  in  this  country  the  use  of  steam  regenerators. 

The  first  plant  we  put  in  operation  was  at  the  works  of  the 
International  Harvester  Company  at  South  Chicago,  now  known 
as  the  Wisconsin  Steel  Company.  The  result  after  seven  years 
of  operation  speaks  for  itself.  The  second  plant,  which  is  now 
five  years  old,  was  installed  for  the  American  Sheet  &  Tin  Plate 
Company  at  their  Vandergrift  works.  At  this  plant  a  revers- 
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mg  bar  mill  exhausting  into  a  Rateau  low  pressure  system  is 
delivering  some  1700  k.  w.,  this  amount  of  electrical  power  be¬ 
ing  obtained  without  aAy  increase  of  fuel. 

Broadly  speaking,  if  it  be  considered  that  an  ordinary^ 
reversing  engine,  running  non-condensing,  can  by  the  Rateau 
process  be  made  to  develop  some  1500  kw.,  it  will  be  seen  that 
tor  a  given  amount  of  fuel  more  than  twice  the  power  is  pro¬ 
duced. 

This  enormous  saving  can  be  realized  in  hundreds  of  plants 
in  this  country,  just  as  they  are  in  Europe,  with  the  difference 
that  the  saving  will  always  be  larger  in  our  country,  as  some 
j^ears  ago  Europe  went  into  the  central  condenser  plant  scheme 
and  therefore  realized  some  small  saving  through  this  method. 

In  order  to  obtain  the  maximum  saving  from  the  use  of 
exhaust  steam  in  steam  turbines,  Prof.  Rateau  invented  and 
introduced  into  practice  what  is  known  as  a  mixed  pressure 
turbine.  With  a  regenerator  equalizing  perfectly,  (with  a  very 
small  loss  of  power),  the  steam  discharged  from  a  mill  engine, 
there  is  automatically  provided  a  heat  storage  reservoir  due  to 
the  mass  of  water  contained  in  the  regenerator,  which  bridges 
over  normal  periods  of  stoppage  between  mill  cycles.  Never¬ 
theless,  if  the  regenerator  provides  only  for  a  stoppage  period 
of  time,  it  is  very  often  the  case  that  this  period  will  be  length¬ 
ened  somewhat  during  times  when  the  mill  is  not  very  active.  It 
is  possible  that  during  this  same  period  the  turbines  must  main¬ 
tain  their  load,  which  is  naturally  quite  independent  of  the  load 
on  the  mill  engine.  Means  must  therefore  be  provided  to  furnish 
motive  fluid  to  these  machines  when  the  heat  stored  by  the  re¬ 
generator  has  been  entirely  used. 

There  are  three  methods  of  doing  this;  the  first  being  to 
admit  live  steam  to  the  turbine  through  a  reducing  valve.  This 
naturallv  is  but  a  makeshift,  as  the  turbine  will  use  as  much 
high  pressure  steam  as  it  was  using  low  pressure  steam.  It  is 
true  that  the  steam  so  provided  is  slightly  superheated  but  the 
turbine  is  not  designed  to  use  superheated  steam,  and  care¬ 
ful  investigation  has  shown  there  is  not  one  percent  difference 
in  steam  used  with  low  pressure  steam  from  the  regenerator  or 
high  pressure  steam  expanded  through  a  reducing  valve. 


DISCUSSION — THEORY  OF  STEAM  ACCUMULATORS  765 

The  second  method  consists  in  using  special  nozzles,  which 
expand  the  steam  from  boiler  pressure  down  to  the  pressure 
necessary  to  drive  the  turbine,  the  same  low  pressure  wheels 
being  used  for  the  high  and  low  pressure  steam.  This  method 
is  also  obviously  a  makeshift  and  can  be  used  only  in  cases 
where  deficiency  of  low  pressure  steam  is  rare  and  short.  It 
also  has  some  very  bad  features,  the  velocity  of  the  steam,  ex¬ 
panded  from  boiler  pressure,  when  striking  the  first  rows  of 
buckets  being  so  great  that  the  buckets  do  not  stand  very  well 
the  enormous  velocity  of  the  steam,  and  also  the  efficiency  ob¬ 
tained  is  very  poor,  a  turbine  using  35  pounds  of  low  pressure 
steam  per  kilowatt  would  take  some  28  pounds  of  live  steam 
at  140  pounds  pressure. 

The  third  method  consists  in  using  a  turbine  having  low 
pressure  wheels  and  high  pressure  wheels.  In  this  way  the  ex¬ 
pansion  of  steam  takes  place,  with  a  high  economy  on  high  as 
well  as  on  low  pressure  steam.  A  turbine  requiring  some  30 
pounds  of  low  pressure  steam  at  atmospheric  pressure  per  kilo¬ 
watt  should  not  take  more  than  20  pounds  when  running  on 
steam  at  100  pounds  pressure.  It  is  quite  true  that  when  the 
turbine  is  running  low  pressure  the  high  pressure  wheels  cause 
some  loss  due  to  their  friction  in  steam,  but  this  loss  is  very 
small  and  certainly  does  not  amount  to  more  than  one  percent. 

The  use  of  mixed  pressure  turbines  brings  about  results 
which  are  far  reaching.  Let  us  suppose  that  a  steam  regenera¬ 
tor  delivers  steam  to  a  turbine  in  a  homogeneous  flow  at  the 
rate  of  60  000  lb.  per  hr.  This  turbine  will  be  capable  of  de¬ 
livering  2000  kw.  on  low  pressure  steam.  If  this  turbine  is 
made  of  the  mixed  pressure  type  it  can  very  easily  carry  more 
than  3000  kw.  on  high  pressure,  the  difference  of  power  being 
due  to  the  power  created  by  the  turbine  in  the  high  pressure  sec¬ 
tion.  The  turbine  will  then  be  capable  of  taking  peak  loads  up 
to  3000  kw. 

It  is  possible  with  a  machine  of  this  type  to  maintain  under 
ordinary  operating  conditions  the  load  factor  on  low  pressure 
steam  very  close  to  100  percent,  thus  all  the  low  pressure  steam 
can  be  transformed  into  power.  In  specific  instances  where 
mixed  pressure  turbines  are  run  in  parallel  with  high  pressure 
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power  engines,  the  turbine  must  pick  up  the  load  and  after  it  has 
reached  the  maximum  load  it  can  carry,  then,  and  then  only, 
the  high  pressure  engines  should  take  their  share  of  the  pre¬ 
vailing  peak. 

It  is  impossible  to  describe  in  detail  the  manner  in  which 
a  plant  ought  to  be  designed  and  the  above  illustrations  have 
only  been  given  as  describing  methods  of  employing  exhaust 
steam  which  are  now  in  successful  operation. 

The  results  obtained  by  the  use  of  Rateau  steam  regen¬ 
erators  have  shown  in  years  of  commercial  practice  that  enor¬ 
mous  economies  could  be  realized  and  that  the  results  could  he 
obtained  without  discarding  any  of  the  engines  now  operating  in 
a  very  large  number  of  steel  works  and  mining  plants. 

Mr.  R.  S.  Younglove:*  The  application  of  mathematics  to 
physical  problems  is  one  of  the  most  important  functions  of  the 
engineer  of  today.  Due  to  the  great  importance  placed  on 
efficiency  and  economy,  it  is  necessar}^  to  carefully  analyze  meth¬ 
ods,  data,  costs,  etc.,  and  to  make  many  interpretations  which 
require  a  good  working  knowledge  of  mathematics  in  general. 
While  it  is  true  that  many  important  discoveries  have  resulted 
from  practical  applications  and  experiments  alone,  it  is  also  true 
that  many  have  been  due  to  accidental  success  and  that  many 
inventions  have  proved  to  be  fallacies  when  analyzed  by  mathe¬ 
matical  applications  of  the  laws  of  nature  to  the  physical  facts 
in  the  case.  A  careful  mathematical  analysis,  and  not  guess 
work,  will  lead  to  results  which  are  correct  and  beyond  denial. 
Such  applications  constitute  the  theory,  and  when  theory  and 
practice  agree  then  success  is  assured. 

The  modern  engineer  must  progress  with  the  times  or  else 
be  doomed  to  mediocrity,  and  therefore  it  is  far  more  advanta¬ 
geous  for  him  to  add  to  his  mental  equipment,  so  that  he  may 
appreciate  and  comprehend  mathematical  treatment,  rather  than 
to  spend  the  same  amount  of  time  in  making  objections  to  the 
use  of  higher  mathematics  as  something  “too  hard”  or  “long 
forgotten.”  The  difficulties  disappear  on  closer  acquaintance, 
and  men  who  are  unwilling  to  study,  so  as  to  surmount  their 
difficulties,  should  never  attempt  to  solve  engineering  problems, 

*  Assistant  Mechanical  Engineer,  Illinois  Steel  Company,  South  Chicago, 
Ill. 
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for  such  dilettanteism  will  inevitably  result  in  a  waste  of  effort 
and  a  loss  of  time,  energy,  and  money.  The  economic  demands 
of  the  present,  with  a  consideration  of  the  future,  are  bringing 
greater  responsibilities  to  the  engineer  as  a  directive  agent  in 
great  industrial  affairs.  Accordingly  a  suitable  and  proper 
emblem  for  the  profession  may  well  be  the  integral  sign,  (  sup¬ 
erposed  on  the  dollar  sign  $  in  this  manner 


kJ 


The  paper  by  Mr.  Gasche  is  a  good  example  of  analysis  by 
mathematical  physics.  It  treats  a  subject  which  is  probably, 
less  understood  in  America,  as  yet,  than  in  Europe  where  the 
apparatus  originated  and  more  installations  have  been  made.  It 
is  most  opportune  in  being  presented  at  this  early  commercial 
stage  of  the  accumulator-regenerator  in  America,  for  many  more 
installations  will  undoubtedly  be  made  in  this  country.  Already 
have  confusion  and  difficulties  been  caused  by  lack  of  apprecia¬ 
tion  and  understanding  of  the  apparatus  and  its  functions,  and 
this  paper  will  probably  go  far  in  assisting  to  clear  up  the 
matter. 

One  of  the  most  important  points  mentioned  in  the  paper 
(see  page  735)  is  that  the  absorption  period  characterizes  the 
action  of  a  given  steam  accumulator  as  good  or  bad,  i.  e.,  it  re¬ 
veals  the  merits  or  defects  of  the  apparatus.  It  is  inevitable 
that  the  heat,  which  has  once  been  stored  by  some  accumulative 
process,  will  be  given  out  eventually  in  a  regenerative  period. 
The  extent  of  the  regenerative  action  depends  upon  the  amount 
of  heat  which  can  be  stored,  and  therefore  the  regenerative  ac¬ 
tion  is  of  secondary  importance.  The  name  “  regenerator  ’  \  as 
commonly  used  in  this  country,  is  unfortunate  in  not  being  com¬ 
pletely  specific,  and  the  name  “accumulator”  is  more  definite 
concerning  this  absorption  feature.  Professor  Rateau  of  Paris, 
the  inventor  of  the  apparatus,  has  used  the  term  accumulator- 
regenerator. 
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The  rate  of  absorption  of  heat  varies  continually  with  the 
time  reckoned  from  the  beginning  of  the  absorption  period,  and 
involves  relations  which  will  differ  with  different  types  and 
sizes  of  apparatus  (see  equations  (11),  (39),  and  also  (14a) 
and  (52)  which  latter  two  may  be  divided  by  the  time  0  to 
obtain  the  rate  of  heat  absorption).  Consequently  the  “ aver¬ 
age  rate  of  absorption”  for  a  given  regenerator  is  a  meaning¬ 
less  term  and  does  not  admit  of  comparisions.  The  apparatus 
must  be  large  enough  in  a  given  case  to  take  all  of  the  exhaust 
steam  for  the  maximum  peak  load,  or  else  steam  in  excess  will 
be  discharged  through  the  relief  valve  and  lost. 

By  comparing  the  temperature-time  relations  for  the  ab¬ 
sorption  period,  as  given  by  equations  (7),  (9),  and  (10)  for 
the  iron  regenerator,  (7a)  and  (10a)  for  the  static  water  re¬ 
generator,  (36)  and  (37)  for  the  forced  circulation  regenera¬ 
tor,  and  (49)  and  (51)  for  the  induced  circulation  regenerator, 
it  is  seen  that  each  type  has  a  certain  particular  coefficient  ap¬ 
plying  to  the  time  function.  This  is  also  shown  in  the  heat-time 
relations  for  the  absorption  period  as  expressed  in  equations 
(14),  (14a),  (41)  or  (41a),  and  (52)  for  the  several  types, 
respectively.  These  time  constants  determine  the  amount  of 
lag  in  temperature  rise  and  in  heat  absorption  for  the  various 
types  of  steam  accumulators.  The  values  of  these  different 
time  constants  are 


<i) 

(2) 


K 


for  the  Iron  Regenerator 

rr  O 


K 


T  n  —  for  the  Static  Water  Regenerator 
IV  C  — p  w 


(3) 

(4) 


for  the  Forced  Circulation  Regenerator 


K 

W 


for  the  Induced  Circulation  Regenerator 


These  time  constants  are  all  equal  in  dimensions  as  the  form¬ 
ulae  are  similar.  In  order  to  have  the  same  amount  of  tempera¬ 
ture  lag  in  each  case,  the  numerical  values  must  therefore  be 
•equal.  While  this  will  produce  equal  temperatures  at  equal  per- 
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iods  of  time  from  the  start  of  the  absorption  period,  assuming 
the  same  initial  conditions  for  each  type,  it  will  not  cause  equal 
heat  absorption  unless  further  limitations  are  made  concerning 
the  sizes  of  apparatus. 

The  forced  circulation  type  requires  a  large  receiver  space 

in  order  to  accomplish  the  spraying  action.  Some  receiver 
space  in  this  and  other  types  is  necessary  to  afford  a  liberating 
surface  for  steam  when  the  pressure  decreases  during  regenera¬ 
tive  action.  It  is  also  valuable  in  providing  means  for  furnish¬ 
ing  dry  steam  to  the  turbine  while  the  water  is  in  violent  ebulli¬ 
tion.  The  amount  of  heat  storage  in  the  receiver  space  is  in¬ 
significant  as  compared  with  that  in  the  water  (see  equation 
(63)  and  Fig.  10  and  Fig.  12).  The  receiver  space  should 
therefore  not  be  unnecessarily  large. 

The  sluggish  action  of  the  iron  regenerator  (see  Fig.  3),  the 
greater  weight  of  heat  absorbing  agent  required  for  the  same 
storage  capacity,  and  the  high  cost  of  iron  compared  with  that 
of  water  (which  is  free)  operated  early  to  eliminate  this  type. 

The  same  feature  of  relative  cost  of  iron  versus  water  con¬ 
stitutes  an  objection  to  the  static  water  type.  Although  less  iron 
is  required  by  weight  than  for  the  iron  regenerator,  more  con¬ 
struction  detail  is  involved  and  the  shop  cost  is  higher.  The 
liberation  of  steam  from  the  water  during  regenerative  periods 
is  favored  by  the  large  water  surface  in  the  trays  and  the  fairly 
•even  temperature  of  the  water. 

The  forced  circulation  type  has  an  inherently  bad  feature 
in  the  large  expenditure  of  energy  (see  equations  (42),  (43)  and 
(44)  and  Fig.  6)  required  for  circulating  the  water  in  the  re¬ 
generator  so  as  to  produce  intimate  contact  of  steam  and  water 
and  favor  the  transfer  and  absorption  of  heat.  The  heat  equiva¬ 
lent  H'  of  this  energy  must  be  deducted  from  both  equations 
(73)  and  (74)  in  calculating  the  efficiency  of  this  type.  The 
additional  cost  of  this  energy  is  added  directly  to  the  cost  of 
operation.  Another  bad  feature  is  that  the  temperature  of  the 
water  is  apt  to  vary  considerably,  and  this  prevents  realizing 
the  most  effective  liberation  of  steam  during  a  regenerative 
period. 

The  enormous  contact  surface  due  to  the  jet  action  in  the 
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induced  circulation  type  favors  immediate  heat  absorption  and 
rapid  circulation  of  the  water  at  a  minimum  cost  of  operation. 
Combined  with  the  instantaneous  production  of  steam  from  the 
wTater,  when  the  pressure  lowers  during  regenerative  action,  this 
gives  the  induced  circulation  regenerator  superior  characteristics 
in  heat-time  and  temperature-time  relations  which  practically 
eliminate  the  other  types.  Some  energy  is  required  to  circulate 
this  wrater,  but  it  is  a  very  small  amount  comparatively  and 
would  be  difficult  to  measure.  With  proper  proportions  a  large 
liberating  surface  for  steam  and  a  rapid  circulation  with  a  very 
slight  difference  in  head  is  obtained. 

Mr.  C.  J.  Bacon:*  Mr.  Gasehe’s  excellent  paper  is  an 
invaluable  addition  to  the  limited  amount  of  strictly  technical 
information  published  on  this  subject.  It  is  particularly  inter¬ 
esting  to  me  since  it  facilitates  an  analytical  determination  of 
similar  characteristics  of  regenerator  performance  which  I  ob¬ 
tained  two  years  ago  by  direct  tests  wherein  attempt  was  made 
to  get,  among  other  data,  a  measurement  of  the  rapidity  of 
steam  absorption  and  the  degree  of  uniformity  of  temperature 
throughout  the  mass  of  water.  The  tests  were  made  on  both 
types  which  are  referred  to  in  this  paper  as  having  “forced” 
and  “ induced”  circulation.  The  method  devised  involved  the 
following  procedure : 

Absorption  and  regeneration  data  were  obtained  principally 
from  a  time-pressure  chart  showing  pressure  variations  in  the 
steam  outlet  and  the  flow  of  steam  from  the  regenerator  as  com¬ 
puted  from  simultaneous  readings  at  the  low  pressure  turbine 
that  received  its  steam  from  the  regenerator.  On  account  of  the 
extreme  variation  in  the  magnitude  and  duration  of  the  influxes 
of  steam,  as  well  as  in  the  intervals  between  them,  it  was  found 
expedient  to  create  successive  artificial  cycles  of  performance 
by  substituting  for  the  engine  exhaust  similar  influxes  by  means 
of  live  steam  throttled  through  a  quick  opening  valve,  thereby 
having  the  conditions  under  control.  A  “ cycle*'  was  taken  as 
an  absorption  period  followed  by  regeneration  for  such  a  dura¬ 
tion  as  reduced  the  steam  pressure,  and  consequently  the  water 

♦Steam  Engineer,  Illinois  Steel  Company,  Chicago. 
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temperature,  to  the  same  point  as  existed  at  the  beginning  of 
the  absorption. 

The  time-pressure  instrument  was  in  the  nature  of  a  steam 
engine  indicator  with  a  weak  spring  and  paper  driven  by  an 
electric  motor  at  the  speed  of  an  inch  or  more  per  minute. 
Figure  13  is  a  typical  cycle,  varying  somewhat  in  the  two  types 
of  the  regenerators. 


Ai  Ao  =  Absorption  period 
A 2  Ri  =  Expansion  in  receiver  space 
Rj  R2  —  Regeneration  period 

01}  6 2,  $3  =  Duration  of  above  period,  respectively,  in 
minutes 

m  =  Steam  consumption  of  turbine  in  lbs.  per  min.  dur¬ 
ing  es. 

iv  =  Weight  of  water  in  regenerator  in  tons. 


The  rate  of  steam  absorption  in  pounds  per  minute  per  ton 

^  0 

of  water  for  a  definite  period  is  3  •.  It  is  of  course  neces- 

w  Oi 

sary  to  determine  the  rate  for  various  values  of  6  since  there 
is  no  definite  rate  of  absorption  peculiar  to  a  particular  re¬ 
generator,  as  pointed  out  on  page  735.  However  since  the  rate 
and  duration  of  steam  delivery  from  an  engine  can  be  approxi¬ 
mated  from  indicator  cards  these  rates  of  absorption  per  ton 
of  water  for  given  durations  are  indispensible  in  adapting  a 
regenerator  to  a  given  steam  flux. 


Temperatures  taken  simultaneously  from  several  thermom¬ 
eters  located  at  important  points  in  the  water  were  found  useful 
in  explaining  results  more  definitely  obtained  from  other  ob¬ 
servations.  Probable  lag  in  thermometer  readings  as  well  as 
ignorance  of  the  relative  proportions  of  water  at  the  various 
observed  temperatures  made  accurate  calculations  therefrom  im¬ 
possible. 

The  experiments  with  the  forced  circulation  type  showed 
that  the  total  heat  absorption  for  a  given  rate  of  circulation  was 
practically  proportional  to  the  duration  of  the  steam  flux,  which 
is  borne  out  by  the  curves  on  page  739.  There  was  only  a  slight 
decrease  in  the  rate  of  absorption  toward  the  end  of  long  periods 
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and  this  was  doubtless  due  to  the  gradual  increase  in  tempera¬ 
ture  of  the  water  supplied  to  the  sprays. 

In  the  induced  circulation  type  the  absorption  was  exceed¬ 
ingly  rapid  at  the  outset  and  consequently  accurate  measure¬ 
ments  thereof  were  difficult  to  make.  It  is  not  uncommon  that 
regenerators  connected  to  blooming  mills  are  called  upon  to  take 
a  pound  of  steam  within  two  seconds  for  each  ton  of  water 
contained. 

On  page  754  attention  is  called  to  the  condition  of  imperfect 
regenerator  action  wherein  there  is  an  abrupt  pressure  drop  at 
the  cessation  of  absorption.  I  found  this  drop  to  be  the  rule 
in  both  types  and  took  it  to  be  an  indication  that  only  a  small 
portion,  if  any,  of  the  water  actually  existed  at  the  steam  tem¬ 
perature  during  the  usual  period  of  absorption.  The  longer  the 
absorption  the  less  the  drop  was  found  to  be.  Due  to  expansion 
in  the  receiver  space  the  drop,  in  no  case,  was  instantaneous. 

From  the  same  time-pressure  diagram  the  degree  of  uni¬ 
formity  of  water  temperature  was  determined.  The  temperature 
corresponding  to  the  pressure  R1  minus  the  temperature  cor¬ 
responding  to  Ro  is  the  extreme  range  between  the  hottest  water 
at  the  beginning  of  regeneration  and  the  temperature  at  the  end, 
when  the  entire  mass  is  doubtless  at  uniform  temperature. 
Within  this  range  the  total  mass  of  water  should  regenerate  a 
certain  amount  of  steam.  However  the  actual  amount  was 
found  to  be  much  less,  the  maximum  for  either  type  being  about 
75  percent.  I  call  this  ratio  the  “efficiency  of  circulation”  since 
it  represented 

average  initial  water  temp. — final  water  temp. 

maximum  water  temp. — final  water  temp. 

It  differs  from  Mr.  Gasche’s  term  “efficiency  of  regeneration” 
in  which  the  maximum  performance  is  measured  between  the 
steam  temperature  and  final  water  temperature,  and  includes  a 
factor  for  expansion.  For  prolonged  periods  of  absorption  both 
efficiencies  would  increase,  approaching  100  percent.  That  the 
mass  of  water  is  not  of  uniform  temperature  throughout  at  the 
beginning  of  the  regeneration  is  shown  also  by  the  curvature  of 
the  dotted  line  R1  R2  which  is  a  time-temperature  relation  as 
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distinguished  by  the  time-pressure  relation  shown  by  the  full 
line.  Since  the  load  on  the  turbine  was  kept  constant  the  steam 
consumption  increased  as  the  pressure  decreased,  which  would 
have  given  opposite  curvature  were  it  not  more  than  counter¬ 
acted  by  effect  of  non-uniformity  in  water  temperature. 

Mr.  D.  Eppelsheimer  :*  Those  of  us  who  have  not  had  to 
deal  with  the  regenerator  problem  can  hardly  appreciate  what  a 
great  help  Mr.  Gasche’s  paper  is,  in  giving  us  accurate  and  re¬ 
liable  laws  governing  the  action  of  these  regenerators.  The 
analysis  is  very  clear  and  simple  and  brings  into  prominence,  as 
has  been  borne  out  by  the  previous  discussion,  the  fact  that  the 
absorption  period  is  the  characteristic  of  the  steam  accumulator, 
and  to  all  intents  and  purposes  is  as  necessary  for  the  proper 
installation  of  this  type  of  apparatus  as  is  the  characteristic 
curve  of  an  electric  motor. 

In  the  four  generic  types,  the  author  has  very  clearly  set 
forth  the  advantages  and  disadvantages  of  each  type  and  par¬ 
ticularly  that  of  the  forced  circulation  type. 

Those  who  have  been  interested  in  regenerators  will  realize 
the  importance  of  the  function  of  Delta,  A,  and  its  relation  to 
time  in  a  particular  type  of  forced  circulation  regenerator, 
namely,  those  operating  on  the  eduction  principle. 

When  analyzing  this  particular  type  it  should  be  remem¬ 
bered  that  in  many  instances  the  value  of  M,  the  total  quantity 
of  steam  delivered  from  the  engine,  is  a  very  rapidly  varying 
value  and  that  therefore  the  quantity  of  circulating  water  should 
correspondingly  vary.  With  a  rolling  mill  engine  approaching 
full  load,  in  a  very  few  seconds  the  amount  of  circulating  water 
must  vary  proportionately,  in  order  to  keep  the  value  of  Delta 
at  a  point  which  would  indicate  the  highest  efficiency,  at  the 
same  time  bearing  in  mind  the  statement  that  Mr.  Gasche  has 
laid  particular  emphasis  upon,  namely,  that  no  steam  be  ex¬ 
hausted  to  the  atmosphere  and  which  has  in  turn  a  very  prac¬ 
tical  bearing  on  the  absorption  period,  and  it  is  a  serious  me¬ 
chanical  problem,  as  is  borne  out  very  fully  by  an  examination 
of  Fig,  6,  and  with  this  particular  type  it  is  possible  to  have 
uneconomical  conditions  when  II'  approaches  its  limiting  value. 

♦Chief  Engineer,  American  Rolling  Mills  Company,  Middletown,  Ohio. 
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We  trust  that  there  will  be  an  opportunity  before  long  to- 
hear  a  paper  on  the  particular  applications  of  this  type,  for  the 
limiting  conditions  are  somewhat  different  when  the  installation 
contemplates  an  addition  to  an  existing  plant  or  the  installation 
of  an  entirely  new  plant. 

Chairman  A.  L.  Hoerr  :t  Mr.  Battu  mentioned  the  second 
installation  in  this  country,  the  Yandergrift  plant  of  the  Am¬ 
erican  Sheet  &  Tin  Plate  Co.  Mr.  Hunter,  of  that  Company,  is 
present  and  we  would  like  to  have  him  tell  us  something  about 
the  operation  of  that  installation. 

Mr.  J.  A.  Hunter  :*  The  regenerator  installation  which 
consists  of  a  500  kw.  low  pressure  turbine  and  Rateau  regener¬ 
ator  has  been  discussed  by  Mr.  Battu.  The  regenerator  is  ap¬ 
proximately  40  ft.  long  by  8  ft.  diameter  and  has  a  capacity  of 
90  000  lb.  of  water  at  normal  water  level.  It  has  the  improved 
arrangement  of  the  steam  supply  pipe,  as  shown  in  Fig.  9  of  Mr. 
Gasche’s  paper. 

The  steam  for  the  operation  of  the  turbine  is  the  exhaust 
from  a  45  in.  by  72  in.  reversing  mill  engine.  A  back  pressure 
of  three  pounds  is  maintained  on  the  system  by  means  of  a 
relief  valve  set  to  blow  at  that  pressure.  A  test  of  the  regener¬ 
ator  showed  that  it  would  supply  a  sufficient  amount  of  steam  to 
operate  a  500  kw.  turbine  at  rated  capacity  for  a  period  of  two 
to  three  minutes.  The  interval  for  which  the  regenerator  would 
carry  the  load  depending  upon  the  temperature  of  the  water  in 
the  regenerator,  or  in  other  words,  the  pressure  which  had  been 
maintained  in  the  supply  system  previous  to  the  time  of  the 
stopping  of  the  mill  engine. 

Mr.  M.  F.  McConnell  :t  I  would  like  to  ask  Mr.  Hunter 
to  describe  the  experiences  they  had  in  the  application  of  that 
second  500  kw.  machine.  I  understood  they  practically  doubled 
their  electric  power. 

■j-Steam  and  Hydraulic  Engineer,  National  Tube  Company,  McKees¬ 
port,  Pa. 

♦Mechanical  Engineer,  American  Sheet  &  Tin  Plate  Company,  Frick 
Building,  Pittsburgh. 

JChief  Engineer,  Mingo  "Works,  Carnegie  Steel  Company,  Mingo  Junc¬ 
tion,  Ohio. 
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Mr.  A.  J.  Hunter  :  We  have  recently  installed,  at  this 
plant,  two  500  kw.  mixed  flow  turbines  and  an  additional  re¬ 
generator.  This  regenerator  is  50  ft.  long  by  9  ft.  in  diameter 
and  has  a  capacity  of  126  000  lb.  of  water  at  normal  water  level. 
The  piping  to  and  from  the  regenerators  is  so  arranged  that  they 
work  in  parallel.  When  this  installation  was  made  the  exhaust 
steam  from  two  44  in.  b}r  48  in.  bar  mill  engines  and  several 
hydraulic  pumps  was  added  to  the  system.  All  the  exhaust 
steam  is  first  passed  through  the  oil  separator  of  the  feed  water 
heater,  a  sufficient  amount  of  steam  being  retained  in  the  heater 
to  heat  the  boiler  feed  water.  The  remainder  passing  on  to  the 
regenerators  and  through  the  relief  valve,  if  there  is  a  surplus. 

No  tests  on  this  new  apparatus  have  been  made  so  that  I 
cannot  say  what  economy  is  being  obtained,  but  the  installation 
is  very  satisfactory  and  I  believe  is  giving  good  results.  As  the 
last  two  turbines  installed  are  of  the  mixed  flow  type,  and, 
therefore,  can  utilize  high  pressure  steam  more  economically  than 
the  original  low  pressure  turbine,  a  system  of  valves  was  in¬ 
stalled  which  automatically  diverts  the  exhaust  steam  from  the 
regenerators  to  the  low  pressure  turbine  when  there  is  not  a 
sufficient  amount  for  the  operation  of  all  the  turbines. 

Mr.  J.  N.  Chester  :t  It  was  the  sentiment  of  the  speaker 
that  we  might  have  a  paper  in  the  near  future  that  would  give 
us  more  information  on  the  particular  question  as  to  when  we 
should  and  when  we  should  not  install  the  device.  I  have  been 
waiting  for  that  all  evening.  I  am  too  hungry  to  wait  for  this 
second  paper  and  while  we  have  Mr.  Gasche  and  so  many 
others  here  whom  we  may  not  have  again,  I  would  like  a  few 
words  on  that  subject.  There  are  a  great  many  things  that 
we  can  install  in  an  old  mill  which  we  could  not  afford  to 
consider  if  we  were  building  a  new  plant.  For  example  in 
the  Interurban  Station  in  New  York  I  believe  the  long  test 
made  there  by  Mr.  Stott,  showed  that  it  is  one  of  the  most 
economical  stations  in  regard  to  steam  consumption.  But  in 
answer  to  a  question  whether  if  he  were  building  a  new  plant 
he  would  install  reciprocating  engines  and  low  pressure  tur¬ 
bines,  he  said  “decidedly  no.” 

•{■Consulting  Engineer,  Chester  &  Fleming,  Union  Bank  Building,  Pitts¬ 
burgh. 
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I  have  seen  the  installation  referred  to  in  the  International 
Harvester  Co.  or  the  Wisconsin  Steel  Works.  The  turbine  was 
not  completed  when  the  engine  was  put  in,  and  was  a  big  saving. 
Very  recently.  I  had  occasion  to  ask  an  engineer  why  he  did  not 
put  in  a  similar  installation  in  a  new  mill  and  he  said  he  could 
do  better.  He  did  not  explain  how.  All  these  things  bring  up 
questions  that  I  think  we  might  get  information  on  here  tonight. 
Then,  when  and  how  ought  we  to  install  these  and  when  not? 

Chairman  A.  L.  Hoerr  :  I  had  hoped  to  be  able  to  present 
some  experimental  data  on  our  regenerative  system  in  the  plant 
at  McKeesport,  but  other  problems  have  come  up  which  have 
prevented  the  carrying  out  of  these  experiments  up  to  the  pres¬ 
ent  time.  We  have  three  regenerators  of  the  forced  circulation 
type.  There  may  be  some  here  who  are  in  possession  of  experi¬ 
mental  data  which  they  are  willing  to  give.  I  will  ask  Prof. 
Trinks  to  discuss  the  subject. 

Prof.  W.  Trinks  :*  I  had  originally  intended  to  offer  some 
discussion  on  the  practical  side  of  steam  accumulator  engineer¬ 
ing,  but  I  shall  confine  myself  strictly  to  the  theory  of  the  hot- 
steam-condenser-accumulator-regenerator. 

First  I  wish  to  state  that  I  thoroughly  appreciate  the  work 
done  by  Mr.  Gasche  upon  this  difficult  subject.  His  work  will 
be  a  guiding  star  to  many  an  engineer  trying  to  solve  the  prob¬ 
lem  of  the  accumulator  regenerator.  Nevertheless  the  paper  has 
to  be  taken  with  a  grain  of  salt,  or  else  it  might  turn  out  to  be  a 
misguiding  star.  I  may  compare  the  theory  here  evolved  to  the 
generally  accepted  rivet  theory  which  neglects  the  friction  be¬ 
tween  the  plates,  the  elastic  deformation  of  the  plates,  and  the 
enormous  concentration  of  tensile  stress  at  the  edge  of  the  rivet 
hole.  Nevertheless  the  rivet  theory,  in  spite  of  these  short  com¬ 
ings  is  made  useful  by  the  introduction  of  an  ample  “factor  of 
safety”  or  “factor  of  ignorance.” 

I  feel  sure  that  something  similar  will  have  to  be  done  with 
Mr.  Gasche ’s  theory.  His  theory  is  based  practically  upon  one 
integral  only,  namely  that  of  dx.  Now  whenever  the  problem 
of  so  complicated  an  apparatus  as  an  accumulator-regenerator 

*Professor  of  Mechanical  Engineering,  Carnegie  Institute  of  Technology, 
Pittsburgh. 
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is  solved  by  the  use  of  one  integral,  the  solution  should  he  viewed 
with  suspicion,  if  we  may  judge  from  other  engineering  prob¬ 
lems.  The  chances  are  that  “secondary’'  phases  of  the  problem 
have  been  neglected  for  the  sake  of  simplicity,  and  the  question 
is  then,  to  what  extent  these  “secondary”  phases  influence  the 
result  obtained  by  the  simple  theory,  or  in  other  words,  what 
the  “factor  of  safety”  should  be.  This  can  only  be  judged  by 
tests  and  until  they  have  been  published,  the  theory  in  question 
must  be  used  only  with  extreme  care. 

To  make  my  standpoint  clearer,  I  shall  mention  a  few  of 
the  “secondary”  influences  not  mentioned  in  the  paper. 

First :  It  is  assumed  that  the  water  content  of  the  ac¬ 
cumulator  is  constant.  By  the  very  nature  of  the  process  (con¬ 
densation  and  re-evaporation)  the  amount  of  water  in  the  tank 
must  be  variable.  However,  this  variation  is  not  serious. 

Second:  The  temperature  of  steam  in  the  regenerator  is 
assumed  to  be  constant.  This  assumption  is  more  serious.  If 
more  steam  is  forced  into  the  accumulator  than  leaves  it,  its 
pressure  and  temperature  will  rise,  little  if  there  is  perfect  ab¬ 
sorption  by  the  water;  much,  if  there  is  imperfect  absorption. 
I  am  afraid  that  the  variation  of  temperature  of  steam  will  in¬ 
deed  seriously  affect  Mr.  Gasche’s  theory. 

Third :  Coefficients  of  heat  transmission  are  used.  Our 
knowledge  of  molecular  motion  is  so  limited  that  coefficients  of 
heat  transmission  have  to  be  used  in  most  so-called  theories.  If 
these  coefficients  are  not  based  to  tests  of  the  actual  apparatus, 
they  are  liable  to  be  greatly  in  error.  A  study  of  the  molecular 
velocities  of  steam  (known  from  the  dynamic  theory  of  gases) 
convinces  us  that  the  question  of  heat  transmission  from  steam 
to  water  is  almost  entirely  one  of  rapidity  of  water  circulation, 
and  that  for  this  reason  the  coefficient  of  heat  transmission  must 
vary  widely  with  the  method  of  water  circulation.  *  It  may  also 
be  mentioned  that  heat  transmission  is  affected  by  the  presence 
of  oil  and  water.  Mr.  I).  B.  Morison’s  paper  on  oil  in  regener¬ 
ators,*  and  the  writer’s  experience  with  air  in  condensers  cor¬ 
roborate  this  statement. 

♦“Steam  Regenerators  and  Accumulators.” 

Transactions,  Institution  of  Engineers  and  Shipbuilders,  Scotland,  1912. 

Reprinted  in  Zeitschrift  fur  das  gesamte  Turbinenwesen,  July  10-20,  1912, 
and  Iron  &  Coal  Trades  Review,  March  22,  1912. 
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Fourth :  Steam  does  not  flow  to  the  accumulator  in  a  steady 
stream.  It  comes  in  puffs  and  gulps.  I  have  had  a  great  deal 
of  experience  with  rolling  mill  engines,  and  know  what  the  ex¬ 
haust  steam  does  when  suddenly  released  at  the  end  of  a  heavy- 
load-stroke. 

It  smashes  the  valve  gear,  if  the  latter  is  not  designed  to 
take  care  of  this -puff,  it  turns  heavy  condenser  baffles  upside 
down,  if  they  are  not  securely  fastened,  etc.,  etc.  The  question 
is  then :  What  will  this  impulsive  action  of  steam  do  to  the  re¬ 
generator?  Can  it  be  taken  care  of  by  any  theory?  I  have 
never  had  the  privilege  of  watching  the  water  and  steam  in  a 
regenerator  through  a  sight  glass  and  therefore  had  to  do  the 
physician’s  stunt,  namely  diagnose  from  outside  symptoms.  Out¬ 
side  symptoms  on  the  regenerator  are  the  behavior  of  the  steam 
relief  valve  and  the  behavior  of  the  auxiliary  steam  admission 
valve.  In  several  plants  which  I  watched,  the  relief  valve  blew 
practically  every  time  the  reversing  engine  pulled  a  heavy  load, 
and  immediately  afterwards  the  live  steam  valve  would  open 
to  the  turbine,  proving  that  steam  absorption  had  been  far  from 
perfect.  I  know  of  a  plant  'where  the  regenerator  capacity  was 
doubled  after  starting,  in  the  vain  hope  of  doing  away  with 
these  losses  of  exhaust  steam. 

The  fact,  that  complete  absorption  of  these  puffs  of  steam 
is  impossible  and  that  steam  losses  are  unavoidable  may  be  taken 
for  granted  from  a  passage  in  an  article  written  by  Mr.  Smoot, 
the  well  known  regenerator  engineer.  In  this  article  he  says  :* 
“In  addition  to  the  regenerator  proper,  the  steam  valves  which 
are  called  on  to  pass  variable  fluxes  of  steam  encountered  in  steel 
mill  work  are  of  great  importance.”  The  usual  relief  valves  as 
at  present  designed  for  service  with  condensing  engines  are  in¬ 
adequate  for  this  work.  The  passage  of  steam  occurs  with  the 
violence  of  an  explosion,  and  the  valve  must  be  capable  of  open¬ 
ing  and  closing  its  full  travel  many  times  each  minute  without 
pounding  itself  to  pieces.  Some  of  the  valves  required  are  over 
36  inches  in  diameter,  with  moving  parts  whose  weights  may 
reach  as  high  as  1000  pounds,  and  must  oscillate  up  and  down 
with  a  travel  of  some  6  inches  or  more  25  or  30  times  a  minute. 


♦Power,  Nov.  8,  1910. 
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In  view  of  these  facts  it  is  natural  to  ask:  What  will  these 
sudden  puffs  of  steam  do  to  the  regenerator,  either  Fig.  8  or  Fig. 
9  of  Mr.  Gasche’s  paper?  I  am  afraid  that  imperfect  absorption 
and  considerable  loss  of  exhaust  steam  will  be  the  result  and 
that  it  will  require  a  rather  complicated  theory  to  take  care  of 
these  phenomena.  If  Mr.  Gasche  and  his  associates  can  suc¬ 
cessfully  cope  with  these  difficulties  in  a  future  contribution, 
they  will  deserve  much  praise. 

A  statement  made  by  Mr.  Battu  should  be  somewhat  re¬ 
stricted,  namely  that  the  circulation  in  a  regenerator  continues 
a  long  while  after  the  supply  of  steam  has  been  shut  off,  owing 
to  liberation  of  steam  on  the  side  where  the  water  rises.  This 
is  a  very  pretty  theory,  but  let  us  draw  the  consequences  for  a 
light  load  on  the  turbine.  Liberation  of  steam  means  increase 
of  pressure  in  the  space  above  the  water  and  consequently  an 
almost  instantaneous  Checking  of  said  liberation.  For  this 
reason  I  can  only  partly  subscribe  to  the  statement  made  by 
Mr.  Battu. 

Somewhere  in  the  written  discussion  the  practical  absence 
of  moisture  in  the  steam  drawn  from  the  regenerator  was  men¬ 
tioned.  This  is  meaningless,  unless  the  rate  of  evaporation  per 
unit  surface  is  given.  It  is  a  well  known  fact  that  rapid  evapo¬ 
ration  means  moisture  carried  with  the  steam.  In  some  tests 
published  by  Dr.  Puppe  in  “Stahl  und  Eisen”,  moisture  amount¬ 
ing  tc  24  percent  was  found  in  the  steam  delivered  to  the  tur¬ 
bine  in  spite  of  large  regenerator  capacity. 

Mr.  E.  D.  Dickinson  :*  I  do  not  know  that  I  have  very 
much  to  say  on  the  subject  of  regenerators,  but  I  should  like  +o 
make  a  few  remarks  on  behalf  of  the  turbine  builders.  We 
appreciate  very  much  Mr.  Gasche’s  paper  for  the  reason  that 
it  is  the  first  comprehensive  study  of  the  steam  regenerator, 
which  can  be  used  by  engineers  in  order  to  determine  positively 
and  accurately  the  relative  merits  of  different  designs  of  re¬ 
generators. 

We  are  indirectly  interested  in  the  subject  of  steam  re¬ 
generators  for  the  reason  that  many  of  our  customers  ask  our 

♦Turbine  Engineering  Department,  General  Electric  Company,  Schenec¬ 
tady,  N.  Y. 
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opinion  and  recommendation  as  to  whether  or  not  a  regenerator 
should  be  installed  in  connection  with  mixed  pressure  turbines- 
which  they  are  purchasing.  A  given  installation  may  show  that 
the  expense  of  a  mixed  pressure  turbine  is  warranted,  and  that 
the  additional  power  to  be  secured  from  low  pressure  steam  will 
make  a  good  return  on  the  money  invested.  However,  if  the  in¬ 
stallation  must  include  a  regenerator,  then  the  advisability  of 
the  installation  may  not  be  so  apparent.  For  this  reason  we  are 
interested  in  the  subject  of  regenerators. 

The  capacity  of  a  regenerator  depends  upon  the  amount  of 
water  which  it  contains  and  the  temperature  range  through 
which  this  water  be  worked.  It  is,  therefore,  apparent  that,  if 
the  temperature  range  of  a  regenerator  can  by  any  means  be 
increased,  its  capacity  for  storing  and  giving  off  heat  will  be 
proportionately  increased.  For  commercial  reasons,  it  is  not 
practicable  to  increase  the  temperature  range  by  raising  the 
temperature  at  the  upper  end  of  the  range,  as,  in  order  to  get 
this  higher  temperature,  it  would  be  necessary  to  increase  the 
back  pressure  on  the  engines  supplying  the  steam.  There  is, 
however,  the  alternative  solution,  and  that  is  by  arranging  the 
regenerators  so  that  they  will  continue  to  give  off  steam  at  a 
pressure  below  that  of  the  atmosphere.  In  order  to  accomplish 
this,  certain  precautions  must  be  taken.  However,  none  of  these 
involve  any  particular  difficulty  and  there  is  no  reason  why 
regenerators  should  not  be  so  installed,  and  I  feel  satisfied  that 
there  are  many  installations  where  a  mixed  pressure  turbine 
with  a  small  regenerator  arranged  to  operate  below  atmospheric 
pressure  would  make  a  good  return  on  the  money  invested, 
whereas  the  expense  of  installation  would  not  be  warranted 
when  it  is  necessary  to  secure  a  considerable  regenerator  capacity 
with  regenerators  designed  to  operate  only  above  atmospheric 
pressure. 

In  an  article  in  “ Engineering' 7  (London)  of  March,  1912, 
it  is  stated  in  part  that,  “  Accumulators  or  regenerators  may  be 
made  to  work  satisfactorily  if  the  pressure  falls  below  atmos¬ 
phere,  and  in  such  cases  the  flow  regulating  valve  would  have  to 
be  placed  between  the  engine  and  the  regenerator.” 

I  have  been  told  that  there  is  an  installation  in  this  country 
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arranged  in  this  manner  so  that  when  the  engine  is  shut  down 
a  valve  between  the  engine  and  the  regenerator  will  close,  per- 
•  mitting  the  regenerator  to  give  off  low  pressure  steam  even  at 
pressures  below  atmosphere.  Of  course,  it  would  not  be  ex¬ 
pected  that  the  steam  turbine  would  give  its  total  output  on  low 
pressure  steam  at  pressures  considerably  less  than  atmosphere. 
If  it  were  designed  to  give  its  best  economy  when  operating  with 
steam  at  atmosphere  pressure,  it  would  automatically  carry  full 
load,  mixed  pressure. 

In  connection  with  regenerators  in  commercial  operation, 
there  is  another  reason  for  installing  a  flow  regulating  valve  on 
the  inlet  of  the  regenerator  and  that  is  this:  If  no  such  valve  is 
installed,  after  the  regenerator  has  cooled  down  below  the  tem¬ 
perature  corresponding  to  steam  at  atmospheric  pressure,  air 
will  be  drawn  into  the  regenerator  and  this  will  afterwards  be 
discharged  through  the  turbine,  affecting  the  vacuum.  This,  of 
course,  can  be  overcome  by  arranging  to  provide  a  continuous 
supply  of  steam,  which  will  at  all  times  maintain  sufficient  pres¬ 
sures  in  the  regenerator  to  exclude  air.  "Where  this  supply  of 
steam  cannot  be  secured  from  auxiliaries  or  other  supply  of 
waste  steam,  it  will  be  necessary  to  use  live  steam  from  the 
boilers. 

In  the  discussion,  considerable  was  said  about  the  low  and 
mixed  pressure  turbine.  However,  as  the  subject  of  the  paper 
is  ‘ ‘Regenerators”  and  not  steam  turbines,  1  will  not  reply  to 
the  statements  made  with  regard  to  turbines,  which  would  not 
be  in  place  in  the  discussion  of  this  paper. 

Prof.  W.  Trinks  :  Prom  the  trend  of  the  discussion  it  ap¬ 
pears  that  engineers  are  more  interested  in  the  practical  appli¬ 
cation  of  accumulator-regenerators  than  they  are  interested  in 
abstract  theory.  There  seems  to  be  insistent  demand  for  a 
paper  of  the  practical  kind;  in  order  to  start  the  ball  rolling, 
I  herewith  submit  a  table  of  regenerator  practice  published  in 
all  the  technical  publications  available  at  the  Carnegie  Library. 
You  will  find  in  the  table  the  water  content  per  1000  kw.  gen¬ 
erated,  the  quantity  of  steam  coming  from  steady  supply,  the 
quantity  coming  from  fluctuating  supply,  the  amount  of  steam 
utilized,  etc.  Many  of  the  members  of  this  Society  could  con- 
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tribute  towards  an  extension  and  completion  of  the  table;  it  is 
given  here  with  the  hope  that  it  may  help  to  start  the  desired 
paper  on  regenerator  practice. 

Mr.  F.  G.  Cutler:*  Mr.  Gasche’s  paper  brings  out,  by  a 
mathematical  demonstration,  a  point  that  seems  not  to  have  had 
the  proper  attention  in  the  usual  consideration  of  regenerators, 
which  is  the  fact  that  the  capacity  of  a  regenerator  would  be 
based  on  its  capacity  to  absorb  heat  at  high  rates  in  relatively 
short  periods,  rather  than  by  its  capacity  to  give  off  heat  in  time 
of  deficiency  over  periods  of  from  two  to  five  minutes. 

The  latter  which  has  been  the  usual  form  of  guarantee,  is 
similar  in  principle  to  guaranteeing  the  “steam  table”,  and  a 
regenerator  might  possibly  fulfill  a  guarantee  of  this  kind  and 
still  be  very  unsatisfactory  as  a  heat  accumulator,  due  to  in¬ 
ability  to  absorb  heat  at  a  sufficiently  high  rate  to  prevent  loss 
of  low  pressure  steam  at  the  back  pressure  valve,  and  a  use  of 
high  pressure  steam  two  or  three  minutes  later  that  might  have 
been  avoided  had  the  regenerator  greater  absorbing  capacity. 

At  the  No.  2  Power  House  of  the  Ensley  Plant  of  the  Ten¬ 
nessee  Coal,  Iron  &  Railroad  Company,  which  was  described  in 
the  July  number  of  the  General  Electric  Review,  in  which  are 
located  three  3000  kw.  mixed  pressure  turbines,  the  low  pressure 
steam  supply  is  derived  mainly  from  two  Mesta  55  by  66  in. 
twin  reversing  engines  driving  a  44  in.  blooming  mill  and  a  34 
in.  roughing  mill. 

The  exhaust  steam  from  these  two  engines  is  extremely 
variable  on  account  of  the  starting  and  stopping  at  reversals  of 
the  engine  every  few  seconds  and  the  variation  of  work  in  each 
pass. 

For  example,  these  engines  (as  shown  by  continuous  indi¬ 
cator  cards)  are  each  exhausting  at  the  rate  of  over  300  000  lb. 
steam  per  hour  for  short  periods,  while  the  average  steam  from 
each  engine  while  rolling  at  an  average  rate  is  less  than  100  000 
lb.  per  hour,  and  in  spite  of  this  wide  fluctuation  in  supply  of 
exhaust  steam,  the  five  regenerators  furnish  the  turbines  with  a 
steady  supply  of  low  pressure  steam  without  loss  at  the  back¬ 
pressure  valve  although  the  regenerators  have  not  capacity 

♦Steam  Engineer,  Tennessee  Coal,  Iron  and  Railroad  Co.,  Ensley,  Ala. 
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enough  to  supply  the  low  pressure  turbines  with  a  full  supply 
of  steam  over  a  period  of  two  minutes. 

Of  course  there  are  periods  when  the  supply  of  exhaust 
steam  is  greater  or  less  than  that  necessary  to  operate  the  station, 
and  at  these  periods  there  is  either  exhaust  steam  wasted,  or  live 
steam  used,  to  make  up  the  deficiency,  but  these  do  not  both 
occur  at  the  same  time. 

The  turbines  are  operated  almost  exclusively  on  low  pres¬ 
sure  steam  when  the  mill  is  in  operation  and  when  the  mill  is 
shut  down  high  pressure  steam  is  utilized  that  would  otherwise 
have  been  wasted  at  the  safety  valves,  although  at  no  time  is  the 
back  pressure  on  the  engine  carried  above  about  four  pounds 
gage,  and  as  these  engines  were  operated  non-condensing,  the 
resulting  power  is  obtained  at  practically  no  expenditure  for 
fuel. 

These  regenerators  are  of  the  induced  circulation  type  and 
the  size  was  determined  by  an  investigation  of  the  mill  engine 
operation  by  the  aid  of  continuous  indicators  and  a  graphical 
plotting  of  an  average  mill  cycle,  from  which  the  most  econom¬ 
ical  capacity  was  calculated. 

Increased  capacity  of  regenerators  when  used  with  some 
types  of  low  pressure  turbines  could  be  easily  and  cheaply  ob¬ 
tained  by  operating  them  below  atmospheric  pressure,  although 
this  means  that  the  regenerators  and  piping  between  them  and 
the  turbines  would  have  to  be  made  tight  in  order  to  prevent 
loss  of  vacuum  due  to  air  leaks,  and  an  automatic  valve  should 
be  placed  in  the  pipe  line  between  the  regenerator  and  the  en¬ 
gine  which  would  shut  whenever  the  steam  pressure  in  this  line 
dropped  below  atmosphere  in  order  to  prevent  a  variable  back 
pressure  on  the  engine  as  well  as  serious  loss  in  vacuum  by  leaks 
at  the  engine  stuffing  boxes. 

Mr.  L.  Battu  :  A  point  brought  out  by  Prof.  Trinks  in  his 
discussion  could,  I  think,  be  briefly  explained. 

Prof.  Trinks  quotes  the  following  from  an  article  by  Mr. 
Smoot  in  “ Power  and  The  Engineer”  of  November  8,  1910: 

“Some  of  the  valves  (relief  valves  in  steam  regenerator  equip¬ 
ments)  required  are  over  36  inches  in  diameter,  with  moving  parts 
whose  weights  may  be  as  much  as  1000  lb.,  and  must  oscillate  up  aud 
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•down,  with  a  travel  of  some  six  inches  or  more,  25  or  30  times  a 

minute.” 

Prof.  Trinks  states  that  Mr.  Smoot  must  believe  the  relief 
valves  in  steam  regenerator  plants  discharge  large  amounts  of 
steam  very  often,  in  as  much  as  they  open  25  or  35  times  per 
minute. 

In  the  case  of  a  regenerator  well  designed,  the  relief  valve 
will  only  open  when  the  average  amount  of  steam  discharged  by 
the  mill  engine  is  in  excess  of  the  low'  pressure  turbine  require¬ 
ments  and  after  the  regenerator  has  absorbed  the  maximum 
amount  of  excess  steam.  If  the  low'  pressure  turbine  require¬ 
ments  are  less  than  the  average  amount  delivered  by  the  mill 
engine,  it  seems  self-evident  that  the  valve  must  open  and  dis¬ 
charge  the  excess.  • 

In  many  of  the  first  installations  the  plant  engineers  w'ished 
to  see  how  a  small  low'  pressure  turbine  would  act  when  receiv¬ 
ing  the  exhaust  of  a  very  large  mill  engine  in  conjunction  with 
the  Rateau  steam  regenerator  process. 

In  a  similar  case,  turbines  of  500  kw\,  using  some  20  000  lb. 
of  steam  minimum  per  hour,  have  been  installed  on  reversing 
engines  delivering  60  000  lb.  per  hour. 

It  is  obvious  that  40  000  lb  of  exhaust  steam  must  be  dis¬ 
charged  by  the  relief  valve  when  the  turbine  is  running  at  full 
load.  A  ■second  low  pressure  turbine  capable  of  absorbing  the 
remaining  40  000  lb.  of  steam  has  since  been  installed,  and  now 
the  relief  valve  remains  closed  until  such  times  as  the  load  on 
the  low'  pressure  turbines  is  such  as  to  require  less  than  the 
fiO  000  lb.  made  available  by  the  use  of  the  steam  regenerator. 

It  is  also  obvious  that  a  steam  regenerator  delivering  a 
steady  flow'  of  60  000  lb.  must  be  connected  to  a  turbine  capable 
of  using  the  60  000  lb.,  or  else  there  w'ill  be  a  waste  of  steam. 

This  is  also  the  case  with  a  boiler.  If  a  300  h.  p.  boiler 
furnishes  steam  to  an  engine  utilizing  200  boiler  h.  p.  of  steam, 
100  h.  p.  is  certainly  going  to  waste.  It  is  true  that  in  the  case 
of  a  boiler,  damping  and  a  proper  ratio  of  firing  can  minimize 
the  waste,  but  nevertheless  the  w’aste  exists. 

We  therefore  come  to  the  obvious  conclusion  that  in  order 
to  avoid  wTaste  of  exhaust  steam  through  the  relief  valve,  a  steam 
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turbine  capable  of  using  all  the  steam  discharged  should  be 
provided. 

Referring  to  Mr.  John  N.  Chester’s  question  “when  is  it 
advisable  to  use  regenerators  and  low  pressure  turbines  in  mills,  ’  * 
T  will  reply  by  the  following  statement: 

A  mill  engine  or  engines  discharging  some  60  000  lb.  of 
exhaust  steam  per  hour  can  produce  by  the  use  of  steam  re¬ 
generators  and  low  pressure — or  better,  mixed  pressure — tur¬ 
bines,  combined,  an  output  of  some  2000  kw.  There  is  no  other 
way  that  I  know  of  in  which  the  over-all  output  of  power  gen¬ 
erated  in  the  rolls  and  at  the  switchboard  for  this  amount  of 
steam  can  be  produced.  The  only  requirement  is  that  a  load  of 
2000  kw.  be  maintained.  Mixed  pressure  turbines  are  capable 
of  enormous  over-load  conditions,  (in  this  way  being  quite  the 
opposite  of  low  pressure  turbines),  and  in  the  illustrative  plant 
referred  to  above,  it  would  be  quite  practical  to  maintain  on  the 
turbine  a  load  of  some  4000  kw. ;  if  wre  assumed  that  the  boiler 
pressure  in  the  plant  is  135  lb.,  a  kilowatt  hour  could  be  obtain¬ 
ed  with  high  pressure  for  some  18  lb.  of  steam.  In  both  in¬ 
stances,  low  pressure  and  high  pressure  operation,  I  have  also 
assumed  that  the  turbine  would  be  running  against  a  back  pres¬ 
sure  within  some  two  inches  of  absolute  vacuum.  Mixed  pres¬ 
sure  turbine  governors,  when  properly  designed,  allow  the  use 
of  all  the  exhaust  steam  and  only  introduce  high  pressure  steam 
when  the  low  pressure  steam  is  deficient;  i.  e.,  they  use  a  com¬ 
bined  speed  and  pressure  control,  allowing  the  turbine  to  run 
on  high  pressure,  low  pressure,  or  on  high  and  low  at  the  same 
time  without  any  variations  of  speed  when  passing  from  one 
source  of  steam  to  the  other. 

Steam  must  be  considered  as  a  far  more  valuable  product 
than  gas.  When  blast  furnace  gas  is  available,  it  has  to  be 
burnt  under  the  boilers,  and  the  steam  used  in  high  pressure 
engines,  or  else  gas  washers  have  to  be  installed  and  gas  engines 
made  to  use  this  gas.  In  both  instances  the  first  cost  of  instal¬ 
lation  is  very  much  higher  than  the  installation  of  a  low  pres¬ 
sure  turbine  plant,  including  steam  regenerators.  In  both  cases 
the  maintenance  of  the  plants  cannot  compare  with  the  low  cost 
of  running  low  pressure  turbines  by  means  of  steam  going  ta 
waste  from  the  exhaust  of  mill  engines. 
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Mr.  F.  G.  Gasche  :*  Through  the  indulgence  of  the  Chair¬ 
man,  the  author  will  presume  to  treat  the  involved  inquiries  of 
Mr.  J.  N.  Chester,  preliminary  to  consideration  of  the  many 
exhibits  of  regenerator  phenomenon  brought  out  by  the  discus¬ 
sion. 

Mr.  Chester  referred  to  the  plant  of  the  Interborough  Rapid 
Transit  Company  in  New  York  and  the  fact  that  the  Chief  En¬ 
gineer,  Mr.  G.  G.  Stott  of  that  Company  had  stated  that  the 
type  of  equipment,  namely,  compound  engines  combined  with 
low  pressure  turbines  did  not  constitute  a  precedent  for-  an 
absolutely  new  plant.  Mr.  Stott  came  to  this  conclusion  not¬ 
withstanding  the  fact  that  the  combination  of  engine  and  turbine 
gave  a  higher  thermodynamic  efficiency  than  he  could  have 
realized  with  straight  high  pressure  turbine  installations  ac¬ 
cording  to  the  guarantees  which  were  offered  by  several  promi¬ 
nent  turbine  builders.  There  is  a  good  thermodynamic  reason 
for  the  results  which  he  obtained,  but  his  conclusion,  no  doubt, 
arose  from  the  fact  that  the  difference  in  fuel  consumption  of 
the  two  types  of  plants  was  not  sufficient  to  pay  for  the  addi¬ 
tional  fixed  charges  which  would  encumber  a  new  installation 
of  engines  and  low  pressure  turbines  combined,  as  compared  with 
a  straight  low  pressure  turbine  installation.  Considering  the 
large  investment  in  the  equipment  of  an  engine  driven  plant 
which  Mr.  Stott  had  on  his  hands,  and  the  enormous  savings 
which  he  could  realize  and  did  realize  by  the  application  of  tur¬ 
bines,  he  was  thoroughly  justified,  commercially,  in  the  type  of 
construction  which  he  employed. 

A  direct  answer  to  the  second  question  by  Mr.  Chester 
cannot  be  made  with  any  more  assurance  than  to  answer  the 
question  “What  size  of  fly-wheel  is  commercially  the  best  for 
an  engine  applied  to  a  given  service?”  If  there  is  a  perfectly 
constant  flow  of  exhaust  steam  to  low  pressure  turbines,  and  a 
perfectly  constant  demand  for  steam  by  the  turbines,  manifestly 
there  is  no  need  of  a  regenerator.  Let  either  the  supply  of  ex¬ 
haust  steam  or  the  demand  for  the  same  or  both  be  variable 
then  plant  conditions  arise  where  the  “heat  fly-wheel”  becomes 
valuable,  and  frequently  indispensible  for  economical  operation. 

♦The  Author’s  closing  discussion. 
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Every  plant  becomes,  with  reference  to  these  problems,  a  local 
problem  capable  of  comparison  with  other  plants  only  by  the 
returns  on  the  investment. 

Considering  the  academic  treatment  in  the  paper,  the  So¬ 
ciety  is  fortunate  in  having  the  corroborative  evidence  in  the 
discussions  by  Messrs.  L.  Battu  and  C.  J.  Bacon.  The -former 
is  preeminently  qualified  by  many  experiences  and  fortunate 
associations  to  test  the  theoretical  work  of  the  paper  by  reference 
to  the  performances  of  many  installations,  and  it  should  be  no 
less  gratifying  to  the  Society  than  to  the  author  to  learn  that 
“The  formulas  concur  exactly  with  the  results  obtained  in  tests 
made  upon  regenerators  in  operation.”  Many  of  the  physical 
constants  employed  in  the  illustrative  cases  could  pretend  to 
nothing  more  than  approximates  in  the  light  of  experimental 
data,  which  is  decidedly  limited.  Whether  the  theory  is  wrong, 
as  intimated  by  another  speaker  (Professor  Trinks)  remains  to 
be  proved  in  view  of  the  information  and  illustrative  figures 
submitted  by  Mr.  Bacon  concerning  actual  observations  on  re¬ 
generators.  When  the  tests  of  regenerators  are  more  numerous, 
and  the  proper  evidences  of  the  theory  of  their  action  is  em¬ 
ployed,  it  may  be  necessary  to  establish  a  new  unit  of  measure¬ 
ment;  namely,  “circulating  efficiency”  as  proposed  by  Mr. 
Bacon.  This  term  may  serve  a  good  purpose  in  the  interpre¬ 
tation  of  experimental  data,  but  it  seems  less  significant  and  no 
more  comprehensive  than  the  expression  “efficiency  of  regener¬ 
ator”,  concerning  which  much  might  have  been  inserted  in  the 
paper. 

The  observations  of  Mr.  D.  Eppelsheimer  facilitates  a  better 
understanding  of  the  significance  of  the  derived  results  proceed¬ 
ing  from  the  analysis  in  the  paper,  which  amplifications  were 
excluded  in  order  to  keep  the  paper  within  reasonable  limits. 
His  remarks  would  seem  to  indicate  that  an  author’s  worship  of 
brevity  is  frequently .  an  invitation  to  misconceptions.  It  is  a 
matter  of  congratulation  to  the  Society  that  we  may  interpret 
Mr.  Eppelsheimer ’s  concluding  remark  that  further  publication 
of  the  performances  of  regenerators  in  actual  service  may  yet 
be  made  available  to  the  organization  in  the  way  of  another 
paper  on  the  subject. 
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Mr.  E.  D.  Dickinson  introduces  another  regenerator  phe¬ 
nomenon  somewhat  analogus  to  the  inquiry  of  Mr.  Chester  in 
view  of  its  constituting  ultimately  a  commercial  problem ;  namely, 
the  enhancement  of  the  capacity  of  a  regenerator  by  indulgence 
of  pressures  within  the  same  considerably  below  atmospheric 
pressure.  It  can  be  imagined  that  the  reduction  of  pressure  in 
the  regenerator  space  below  atmosphere  would  be  accompanied 
by  an  ever  increasing  steam  demand  on  the  part  of  the  turbine 
attached  thereto  such  that  a  point  would  be  reached  where  the 
saving  in  money,  due  to  the  increased  heat  storage  in  the  re¬ 
generator  would  be  sacrificed  in  the  losses  due  to  the  greater 
steam  consumption  of  the  turbine.  Such  a  critical  pressure  is 
scarcely  within  the  possibilities  of  estimate  and  a  consistent 
set  of  experiments  indicating  its  position  has  never  been  made. 
The  principal  reason  for  operation  of  regenerators  with  a  mini¬ 
mum  temperature  of  210  deg.  falir.,  or  thereabouts,  has  been  the 
avoidance  of  leakage  of  air  into  the  low  pressure  steam  system 
with  its  troublesome  effects  in  the  turbine  and  condenser.  It  Is 
probable  that  the  increased  expenditures  for  a  suitably  strong 
exhaust  pipe  system  such  as  to  obviate  trouble  from  air  leakage 
would  be  quite  as  great  as  the  additional  investment  in  a  larger 
regenerator  operating  at  atmospheric  pressure  or  thereabouts. 
The  proposition  is  interesting,  and  will  warrant  experimental 
investigation  at  the  earliest  opportunity. 

The  Society  is  indebted  to  Mr.  F.  G.  Cutler  for  the  very 
interesting  and  valuable  information  concerning  the  low  pres¬ 
sure  turbine  and  regenerator  installation  at  the  Ensley  Plant 
of  the  Tennessee  Coal,  Iron  &  R.  R.  Co.  Considering  the  per¬ 
formance  of  that  plant  and  the  nature  of  apparatus  applied  to 
the  same,  Mr.  Cutler’s  contribution  is  almost  a  complete  answer 
to  many  of  the  vague  premonitions  which  have  obsessed  some 
engineers  in  this  country  concerning  extraordinary  losses  at  re¬ 
lief  valves. 

The  Ensley  Plant  is  undoubtedly  one  of  the  few  in  this 
country  to  which  adequate  attention  had  been  given  to  the  pro¬ 
portions  and  design  conforming  to  the  local  requirements. 

Preliminary  to  consideration  of  the  discussion  by  Professor 
Trinks,  it  is  well  to  reiterate  that  the  leading  object  that  any  en- 
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gineer  should  keep  in  view  when  he  is  about  to  assume  the  re¬ 
sponsibilities  of  authorship  is  to  do  as  much  good  as  possible 
for  his  co-workers  in  the  technical  held.  If,  inadvertently,  he  is 
guilty  of  error,  he  should  be  the  first  in  enthusiasm  to  seek  the 
corrective  measures  as  early  as  possible  so  that  the  “  truth  alone 
shall  survive.”  Judging  by  the  progress  of  the  engineering 
profession  in  the  past,  it  can  be  asserted  that  the  postponement 
of  all  publications  by  engineers  until  a  final,  complete  and  con¬ 
sistent  theory  of  the  subjects  could  be  evolved  would  leave  the 
technical  world  poor  indeed.  At  the  risk  of  unseemly  verbosity 
on  one  hand  and  the  improper  statement  of  fundamentals  on 
the  other  an  author  must  choose  a  middle  course  of  incorpor¬ 
ating  only  those  elements  that  seem  to  be  of  sufficient  import¬ 
ance  to  constitute  a  fairly  complete  statement  of  the  case. 

It  is  with  full  appreciation  of  the  many  complexities  at¬ 
tending  this  domain  of  engineering  that  the  author  presumed 
to  state  the  theory  in  this  paper  in  the  most  elementary  form 
of  which  it  is  capable,  and  still  keep  within  the  region  satis¬ 
fying  the  precision  of  experimental  apparatus  and  instruments. 

On  the  other  hand,  when  such  efforts  are  submitted  with  the 
sincerity  which  should  impel  an  author  he  is  somewhat  safe¬ 
guarded  against  disaster  in  the  immediately  assumed  respon¬ 
sibility  on  the  part  of  would-be  critics  in  that  they  are  encum¬ 
bered'  with  the  necessity,  to  be  fair,  of  submitting  something  bet¬ 
ter  for  that  which  they  would  destroy.  With  this  in  view,  the 
Society  will  look  forward  with  considerable  expectancy  for  the 
corrective  agencies  and  material  advances  in  the  fund  of  knowl¬ 
edge  of  steam  regenerators  to  which  our  esteemed  associate,  Pro¬ 
fessor  Trinks,  has  now  addressed  himself. 

Considering  only  the  relevant  matters  of  Professor  Trinks* 
discussion  in  the  order  of  their  statement,  the  author  replies 
as  follows : 

First:  The  variation  in  contents  of  water  in  any  normally 
operating  regenerator  will  be  about  one  percent  as  a  maxi¬ 
mum  and  could  not,  with  reason,  be  introduced  in  an  analysis- 
without  pursuit  of  physical  conditions  involving  useless  com¬ 
plexities. 

Second:  A  reading  of  the  analysis  in  the  paper  will  be 
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sufficient  to  show  that  the  temperature  of  the  steam  and  the  water 
are  decidedly  variable  in  all  the  computations.  There  is  one 
temperature,  namely,  T,  which  is  conveniently  and  properly  as¬ 
sumed  as  constant,  but  it  must  be  kept  in  mind  that  this  con¬ 
stancy  of  temperature  of  the  supply  steam  need  not  extend  over 
the  exceedingly  short  period  during  which  absorption  is  oc¬ 
curring  in  order  to  permit  of  the  device  in  course  of  the  analysis. 
When  the  absorption  period  becomes  five  seconds  or  less,  as  in 
the  case  of  regenerators  with  induced  circulation,  this  assump¬ 
tion  of  constant  temperature  is  little  more  than  the  assump¬ 
tion  of  a  constant  rate  of  steam  flow.  Even  the  great  Fourier 
did  not  disdain  to  assume  a  constancy  of  temperature  of  a 
source  of  heat  for  the  purpose  of  analysis  when  constructing  the 
theory  of  heat  transfer,  and  the  author  makes  no  apology  in 
following  such  a  pre-eminent  authority. 

Third :  Coefficients  of  heat  transmission  must  be  used.  Our 
limited  knowledge  of  molecular  motion  cannot  displace  specific 
experimental  determinations  of  their  numerical  values,  but  the 
exact  numerical  values  unquestionably  do  not  enter  into  an 
analytical  theory  where  mere  symbols  represent  those  coefficients. 
Mr.  Dickinson  asserted  that  he  had  examined  the  interior  of  a 
regenerator  that  had  been  in  service  for  some  months  and  found 
that  there  were  no  internal  oil  contaminations.  A  little  calcu¬ 
lation  to  show  the  volume  and  weight  of  oil  contamination  that 
could  possibly  occur  in  the  regenerator  will  reveal  that  this  is 
on  the  order  of  a  second  differential.  The  attempt  to  associate 
the  phenomena  of  heat  retardation,  due  to  oil,  and  the  obstruc¬ 
tion  to  the  flow  of  heat  by  air  in  a  condenser  does  not  appear 
as  relevant  to  the  subject. 

Fourth  :  Many  of  these  imaginary  difficulties  have  been  suit¬ 
ably  disposed  of  in  the  discussions  by  Messrs.  Dickinson,  Battu, 
Bacon  and  Cutler,  and  it  may  assist  to  a  little  better  under¬ 
standing  to  add :  While  the  illustrative  cases  shown  in  the  paper 
made  no  mention  of  the  same*  nearly  all  of  the  data  from  which 
those  calculations  were  made  proceeded  from  experimental  work 
and  regenerators  actually  in  service  admitting  of  no  fanciful  in¬ 
terpretation. 

Professor  Trinks  has  been  unfortunate  in  witnessing  the 
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operation  of  several  plants  equipped  with  regenerators  which 
apparently  illustrate  very  thoroughly  ‘  ‘  how  not  to  do  it. ’  ’  These 
cannot  constitute  evidences  of  the  realizable  results  from  appar¬ 
atus  properly  installed,  not  to  say  the  correctness  of  a  physical 
theory.  Moreover,  the  visual  observation  of  the  performance  of 
the  regenerator  through  windows  applied  to  the  apparatus  will 
as  readily  deceive  instead  of  assisting  the  mental  faculties  in  an 
attempted  diagnosis  of  the  action  of  regenerators. 

There  is  no  necessary  relation  between  the  amount  of  steam 
escaping  from  relief  valves  and  the  capacity  for  heat  storage 
in  water  which  accidentally  may  constitute  the  element  of  the 
particular  regenerator.  Wastes  at  relief  valves  must  be  treated 
by  a  certain  amount  of  application  on  the  part  of  the  engineer 
who  is  attempting  to  correlate  the  steam  demand  of  the  turbine, 
the  loads  upon  the  same,  the  steam  consumption  of  the  engine, 
also  the  loads  upon  the  latter  and  the  funds  that  are  available  for 
the  particular  installation. 

Professor  Trinks  has  favored  the  Society  with  a  “bibliogra¬ 
phy”  of  publications  concerning  regenerators  in  this  country 
and  abroad.  Unfortunately  he  is  in  error  on  item  “ E ”,  refer¬ 
ring  to  the  plant  of  the  International  Harvester  Company,  as  he 
evidently  was  not  aware  that  the  turbine  equipment  consists  of 
two  units,  one  500  kw.  capacity,  and  another  750  kw.  capacity, 
both  operating  from  the  regenerator  and  engine  mentioned  in 
the  paper  to  which  reference  is  made.  The  escape  of  steam  from 
the  relief  valve  is  very  infrequent  and  the  steam  from  the  re¬ 
generator  is  practically  dry  as  shown  by  carefully  made  calori¬ 
meter  tests. 

It  is  true  that  a  great  many  installations,  to  which  public 
notice  has  been  drawn,  have  failed  to  conform  to  desired  per¬ 
formances  simply  as  a  result  of  imperfect  design  and  propor¬ 
tioning  of  parts.  This  penalty  has  been  paid  wherever  the  super¬ 
cilious  dismissal  of  the  regenerator  as  a  “tank  of  hot  water”  has 
disarmed  ordinary  commercial  discretion,  not  to  say  the  habitual 
poise  of  the  engineer  who  assumes  the  responsibility  of  design 
and  of  spending  money  for  such  an  equipment. 

In  closing,  it  will  be  insisted  that  the  steam  regenerator, 
under  certain  conditions  of  equipment  of  prime  movers  and  tur- 
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bines,  is  a  means  of  saving  a  great  deal  of  money,  more  or  less 
in  accordance  with  the  suitability  and  propriety  of  the  instal¬ 
lation. 

If  the  manufacturer  who  has  an  opportunity  to  use  low  pres¬ 
sure  turbines  and  steam  regenerators  does  not  need  the  money 
which  their  presence  would  save,  in  all  probability  it  would  not 
be  well  to  urge  him  to  make  the  installation.  To  others  less 
favorably  situated  the  foregoing  material  is  addressed  in  all 
sincerity. 


[Additional  discussion  from  any  source,  if  received,  will  be  published 
in  the  May,  1913,  issue  of  the  Proceedings. — Editor.] 
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Public  Utility  Regulation  and  Its  Relation  to 

Water  Conservation 


By  Morris  Knowles* 


This  subject,  the  time,  and  the  place  are  peculiarly  appro¬ 
priate,  not  only  in  themselves,  but  also  in  their  relation  to  each 
other. 

The  subject,  because  public  utility  regulation  and  conserva¬ 
tion  of  water  resources  are  among  the  most  important  questions 
of  public  policy  before  the  people  of  this  state  and  nation  to¬ 
day  and  particularly  because  our  local  traction  situation  and 
the  subway  problem  on  the  one  hand,  and  our  flood  losses  and 
problems  of  water  supply,  wastage  and  metering  and  sewerage 
on  the  other,  give  them  especial  importance  in  Pittsburgh.  The 
time  is  ripe,  because  we  are  on  the  eve  of  the  session  of  a  newly 
elected  state  legislature,  dominated  by  new  political  forces 
and  pledged  to  constructive  legislation  on  both  issues.  The 
place  is  well  chosen,  because  nowhere  can  these  matters  receive 
more  intelligent  and  impartial  consideration  and  discussion,  than 
before  an  organization  of  the  engineering  profession.  We  are 
just  beginning  to  realize  that,  as  engineers,  we  have  not  only 
a  right,  but  an  obligation,  to  thresh  out  these  questions  of  public 
policy,  for  the  consideration  of  which  engineers  are  better 
equipped,  by  training  and  habits  of  thought,  than  almost  any 
other  class  of  citizens. 

The  writer  hopes,  also,  that  his  presentation  of  this  subject 
may  not  be  entirely  inappropriate,  in  view  of  the  position  he 
has  taken  from  time  to  time  in  advocating  these  policies,  and  in 
serving  upon  the  Engineering  Committee  of  the  Pittsburgh 
Flood  Commission,  and  in  view  of  his  presidency  of  an  asso¬ 
ciation  actively  engaged  in  the  cause  of  water  conservation  in 
Pennsylvania. 

♦Consulting  Engineer,  Oliver  Building,  Pittsburgh. 

Presented  at  the  regular  monthly  meeting  of  the  Society,  December  17, 
1912,  and  published  in  the  January,  1913,  Proceedings. 
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HISTORICAL 

Previous  Discussion :  It  will  not  be  out  of  place  at  this 
time  to  glance  rapidly  over  the  events  that  have  led  to  the 
present  preeminence  of  these  subjects,  and  this  Engineers’  So¬ 
ciety  of  Western  Pennsylvania  may  derive  much  satisfaction 
from  such  retrospection.  For  it  has  been  a  little  over  five  years 
ago,  on  September  17,  1907,  that  Colonel  T.  P.  Roberts  present- 


Fig.  1.  Wabash  Station,  Liberty  Avenue.  Flood  of  March  15,  1907. 

ed  his  paper  on  the  disastrous  flood  of  1907,  and  opened  a  dis- 
.  cussion  which  included  reference  not  only  to  the  particular  dis¬ 
aster  but  to  many  related  questions.  Much  consideration  was 
given  also  to  the  arguments  for  reservoirs  that  had  extended 
over  the  previous  sixty  years.  All  of  this  had  influence  in 
bringing  about  the  creation  of  the  Flood  Commission,  and  this 
Society  may  take  pride  in  such  a  presentation  as  an  important 
contribution  to  the  welfare  of  the  community. 

At  that  time  the  writer  made  an  earnest  plea  for  a  broad 
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conception  of  the  whole  problem  instead  of  the  narrow  local  con¬ 
sideration  proposed,  and  he  feels  that  subsequent  events  have 
abundantly  justified  his  stand. 

Flood  Commission  Study :  With  the  Flood  Commission  and 
its  work  you  are  all  familiar.  Appointed,  created  and  fathered 
by  the  Chamber  of  Commerce,  it  had  the  united  support  of 
this  city  and  county,  thoroughly  aroused  by  the  three  devastat¬ 
ing  floods  of  1907-08,  and  by  familiarity  with  such  scenes  as  is 
shown  in  Fig  1.  Investigation  showed  a  direct  flood  loss  to 
the  city  of  Pittsburgh,  during  this  one  year,  of  $6  500  000  and  in 
the  Ohio  Valley  of  $100  000  000. 

Early  in  its  studies,  however,  the  Commission  became  im¬ 
pressed  with  the  fact  that  it  was  impossible  to  consider  the  flood 
problem  either  locally  or  by  itself.  The  relation  between  the 
local  problem  and  that  of  the  entire  Allegheny,  Monongahela 
and  Ohio  Valleys  could  not  be  escaped.  The  inseparable  con¬ 
nection  of  the  flood  problem  with  those  of  navigation,  sanitation, 
water  supply  and  water  power  could  not  be  overlooked.  It  was 
at  once  determined,  therefore,  that  relief  measures  must  be 
considered  with  a  view  to  the  benefits  to  be  obtained  in  all  ways 
and  at  all  places,  and  that  the  solution  was  not  only  of  local, 
but  of  state  and  national  concern.  Thus  the  Pittsburgh  Flood 
Commission  became  the  first,  organization  for  active  and  intelli¬ 
gent  water  conservation  in  this  state,  and  one  of  the  first  in  the 
United  States. 

With  these  broad  principles  to  guide  them,  and  backed  by 
the  people  of  the  community  to  the  extent  of  $125  000,  the  Com¬ 
mission  produced  its  900  page  report,  which  has  been  received  as 
the  most  complete  study  of  its  kind  ever  made.  Covering  with 
the  studies  and  field  examinations  about  28  percent  of  the  whole 
area  of  the  state,  it  demonstrated  for  the  first  time,  by  actual 
surveys  of  sites  and  careful  estimates,  that  floods  can  be  pre¬ 
vented  by  properly  designed  and  located  storage  reservoirs, 
and  that  other  ends  of  vast  public  importance  could  be  served 
by  these  same  works.  There  was  recommended  the  construction 
of  seventeen  selected  reservoirs,  located  as  shown  in  Fig.  2, 
and  of  a  flood  wall  and  modern  wharf  along  the  lowest  por¬ 
tions  of  the  river  front,  at  a  total  cost  of  about  $20  000  000. 

The  bond  issue  item  for  the  flood  wall  was  defeated  on 


Fig.  2.  Map  showing  location  of  Seventeen  Proposed  Reservoirs. 
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November  5,  1912,  owing  to  a  lack  of  appreciation  of  the  many 
correlated  advantages  to  be  obtained.  The  Flood  Commission, 
however,  is  still  on  the  job.  and  will  continue  to  advocate  tbe 
solution  of  the  flood  problem  in  such  a  manner  as  to  secure  the 
greatest  possible  benefits  to  river  traffic,  navigation  and  water 
utilization. 

Later  Verification  :  Some  criticisms  of  the  Flood  Commis- 
ion’s  report  have  been  made  on  the  ground  that  it  was  based 
in  part  on  necessarily  incomplete  data  regarding  rainfall,  run¬ 
off  and  stream  gaugings.  For  this  reason,  particular  interest 
attaches  to  the  paper  presented  by  Mr.  Kenneth  C.  Grant,  As¬ 
sistant  Engineer  of  the  Commission,  before  the  American  Society 
of  Civil  Engineers,  November  6.  1912,  on  4iThe  Flood  of  March 
22,  1912,  at  Pittsburgh."  This  study  was  based  on  actual 
rain-fall  measurements  and  stream  gaugings  on  every  one  of  the 
streams  on  which  the  Flood  Commission's  recommended  reser¬ 
voirs  were  located.  By  means  of  the  peak  reduction  diagram 
shown  on  Fig.  3,*  made  up  in  the  same  manner  as  those  in  the 
original  report,  it  was  demonstrated  that  the  operation  of  the 
seventeen  reservoirs  would  have  reduced  the  peak  at  Pittsburgh 
from  a  gauge  height  of  28.1  feet,  or  6.1  feet  above  danger  line, 
to  16.9  feet,  or  5.1  feet  below  danger  line. 

The  close  correspondence  of  these  results,  based  on  actual 
measurements,  with  the  others,  necessarily  based  in  part  on  as¬ 
sumptions,  effectively  proves  the  reasonableness  of  the  assump¬ 
tions  and  justifies  the  belief  of  the  Flood  Commission  in  the 
value  of  the  proposed  projects. 

DEFINITIONS 

Before  attempting  to  establish  the  relation  between  public 
utility  regulation  and  water  conservation,  careful  understanding 
of  the  terms  is  essential ;  otherwise,  we  may  readily  find  our¬ 
selves  confused. 

Public  Utility :  1  ‘Public  Utility”  is  difficult  to  define,  and 
it  is  doubtful  if  a  definition  can  be  proposed  to  which  all  will 
agree.  The  distinction  between  the  regulation  of  public  utilities 
and  that  of  other  persons  and  corporations,  however,  is  funda¬ 
mental.  The  former  is  in  the  nature  of  the  administration  of  a 

•Reproduced  from  original  in  Proceedings  Am.  Soc.  C.  E.  Vol.  33,  p.  903. 
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Fig.  3.  Diagram  showing  Estimated  Reduction  of  Peak  for  Flood 

of  March  22,  1912. 
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public  trust  and  imposes  upon  all  engaged  in  public  callings  the 
following  positive  obligations : 

To  serve  all  who  apply. 

To  provide  safe  and  adequate  service. 

To  charge  just  and  reasonable  rates. 

To  make  no  discriminations  either  in  rates  or  in  service. 

To  perform  all  duties  required  by  statute. 

At  the  same  time,  such  utilities  have  great  privileges  and 
share  in  the  benefits  that  come  from  being  a  servant  of  the  sov¬ 
ereign  state.  They  are  considered  proper  subjects  to  be  invested 
by  the  legislature  with  the  right  to  take  private  property  for 
public  use;  they  are  often  given  the  right  to  make  use  of  the 
public  property,  as  roads  and  highways ;  and  they  are  frequently 
protected  in  an  exclusive  right  to  do  business  in  a  defined  terri¬ 
tory. 

All  other  persons  and  corporations  are  subject  only  to  the 
exercise  of  the  police  power  of  the  state  and  have  imposed  upon 
them  negative  duties.  ‘  ‘  Sic  utere  tuum,  ut  alienum  non  laedas,  ’  ’ 
which  may  be  translated  liberally  to  mean,  “No  man  shall  use 
his  property  so  as  to  infringe  the  equal  rights  of  individuals  or 
the  general  wellbeing  of  the  state.”  Private  enterprise  shares 
neither  the  privileges  nor  the  obligations  of  public  business. 

Public  Use:  The  difficulty  in  defining  “Public  Utility” 
goes  back  to  the  fact  that  the  term  “Use”  has  two  different 
meanings — employment,  and  advantage.  Nicholas,  in  his  book 
on  “Eminent  Domain”  says: 

“One  line  of  judges  and  authors  has  contended  that  public  use 
means  use  by  the  public,  or  by  that  class  of  the  public  which  is  in  a 
position  to  avail  itself  of  the  use,  while  others  insist  with  equal  ve¬ 
hemence  that  anything  which  enures  to  the  public  advantage  is  for  the 
public  use.” 

The  former  seems  to  be  the  true  meaning  of  the  term.  This 
will  necessarily  follow  if  we  accept  as  well  established  the  posi¬ 
tive  obligations  which,  as  has  been  pointed  out,  public  utilities 
owe.  The  first,  it  will  be  recalled,  was:  “To  serve  all  who  ap- 
ply.  ’  ’ 

This  has  been  convincingly  argued  also  in  Lewis  on  “Emi¬ 
nent  Domain,”  from  which  the  following  quotations  are  taken: 
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“Many  courts  seem  to  treat  the  question  ‘What  is  a  public  use ’  as 
though  the  question  was  ‘For  what  purposes  may  the  power  of  eminent 
domain  be  properly  exercised?’  *  *  *  This  is  a  serious  error  *  *  *.  By 
the  provision  in  question,  the  people  said  to  the  legislature,  in  effect, 
‘You  shall  not  exercise  this  power  except  for  public  use.’  *  *  *  As  the 
power  is  by  its  nature  limited  to  such  purposes  as  promote  the  general 
welfare,  it  is  evident  that  the  words  public  use ,  if  they  are  to  be  con¬ 
strued  as  a  limitation,  cannot  be  equivalent  to  the  general  welfare  or 
public  good.  They  must  receive  a  more  restricted  definition.” 

“The  use  of  a  thing  is  strictly  and  properly  the  employment  or 
application  of  the  thing  in  some  manner.  The  public  use  of  anything 
is  the  employment  or  application  of  the  thing  by  the  public.  Public 
use  means  use  by  the  public,  and  this  it  seems  to  us  is  the  construction 
the  words  should  receive  in  the  constitutional  provision  in  question. 
This  is  *  *  *  the  only  view  which  gives  the  words  any  force  as  a 
limitation,  or  renders  them  capable  of  any  definite  and  practical  ap¬ 
plication.” 

The  same  idea  is  expressed  by  a  Pennsylvania  court,  in  de¬ 
ciding  the  case  of  McLeod  v.  Central  Normal  School  Association. 
152  Pa.  575: 

“In  order  for  a  private  corporation  to  be  regarded  as  quasi¬ 
public,  it  must  exist  directly  for  the  public  use ;  the  corporate  fran¬ 
chise  must  be  such  as  is  held  in  the  nature  of  a  public  trust,  and  such 
that  the  public  has  standing  to  assert  and  enforce  its  rights.  If  the 
public  may  assert  a  use  by  right,  then  the  property  of  the  corporation 
may  be  said  to  be  in  direct  use  of  the  public  at  large,  though  under 
the  control  of  a  private  person  or  of  a  corporation.” 

Regulation :  It  is  not  difficult  to  agree  on  a  definition  of 
“Regulation”  and  probably  we  will  all  be  satisfied  to  accept 
as  its  meaning  in  this  connection  “the  exercise  of  control,  in  the 
interest  of  public  welfare.”  The  regulation  of  public  utilities 
then  is  taken  to  mean  the  enforcement  of  the  obligations  and  the 
protection  of  the  privileges  of  those  individuals  and  corpora¬ 
tions  that  devote  their  private  property  do  the  use  of  the  public. 
The  growing  understanding  of  this  modern  definition,  involving 
protection  as  well  as  enforcement,  is  abundantly  shown  by  the 
readiness  of  corporations  and  publicists  to  cooperate  in  working 
out  satisfactory  methods  of  control,  and  bj^  the  decreasing  op¬ 
position  of  public  utilities  to  state  supervision  and  regulation. 

Industries  Affected :  What  particular  industries,  businesses 
or  professions  shall  be  included  in  this  group  depends  entirely  on 
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the  state  of  society  and  customary  usage.  It  is  for  this  reason 
that  at  different  times,  different  groups  of  callings  have  been 
subject  to  this  principle  of  regulation.  In  ancient  times,  vast 
sums  of  public  monies  were  expended  for  public  theatres.  In 
medieval  days  the  baker,  the  miller,  the  innkeeper,  the  barber, 
the  tailor,  and  the  smith  were  required  to  serve  all  patrons  on 
equal  terms.  When  physicians  and  surgeons  were  rare,  they  had 
to  serve  reasonably  whoever  called  upon  them.  Later,  with  the 
development  of  towns,  the  ferrymen,  the  wharfinger  and  the  car¬ 
rier  were  held  subject  to  public  regulation,  and  the  trade-guilds 
of  the  early  days  of  the  Massachusetts  colony  were  held  to  be 
public  callings  and  protected  in  monopoly.  Still  later,  common 
carriers,  water,  gas  and  electric  companies,  power  companies, 
telephone  and  telegraph  companies,  warehouses  and  grain  ele¬ 
vators,  bridges,  canals,  ferries,  draymen,  hackmen  and  many 
others  have  been  held  to  be  public  callings.  There  is  no  reason 
for  doubting  that  in  particular  localities  and  under  special  cir¬ 
cumstances,  public  welfare  may  require  any  business  whatever, 
“to  serve  all  who  apply  on  equal  terms”,  and  thus  bring  any 
calling  within  the  scope  of  public  utility  regulation. 

Water  Conservation  :  This  term  is  easier  to  define,  though 
there  will  be  many  opinions  as  to  the  means  of  carrying  it  out. 
Speaking  broadly,  it  may  be  said  that  the  term  water  conserva¬ 
tion  means  the  development  of  the  water  resources  in  such  a  way 
as  to  secure  for  this  and  future  generations,  considering  all 
possible  methods  of  utilization,  the  maximum  possible  total 
benefit.  It  does  not  mean  preservation  or  hoarding  of  water; 
such  policy  would  reduce  to  a  minimum  the  benefits  obtained. 
Nor  does  it  mean  utilization  for  a  single  purpose,  or  with  a 
present  immediate  object,  only,  in  view. 

It  does  mean  careful  study,  consideration  of  each  group  of 
water  resources  and  streams  as  a  unit,  planning  development 
with  reference  to  all  possible  uses  and  controlling  and  utilizing 
the  water  according  to  a  well  defined  plan ;  so  as  to  secure  for 
the  people  at  large,  in  this  and  all  generations  to  come,  the 
greatest  attainable  benefit. 

STORAGE  USEFUL  FOR  MANY  PURPOSES 

Practically  all  beneficial  uses  of  water  are  aided  by  increased 
uniformity  of  stream  flow.  Stream  regulation  by  storage  and 
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control  of  reservoir  operation  are  therefore  important  factors 
of  anv  scheme  of  water  conservation. 

Flood  Concentration :  The  studies  of  the  Flood  Commission 
have  shown  that  one  use  of  storage  reservoirs  need  not  preclude 
their  use  for  other  purposes.  During  the  past  38  years,  about 
75  percent  of  all  floods  at  Pittsburgh  have  occurred  between 
December  first  and  April  first ;  the  other  25  percent  have  been 
scattered  through  the  other  months.  With  one  or  two  exceptions, 
all  of  this  latter  group  have  been  small  and  of  short  duration, 
and  not  one  would  have  topped  the  proposed  river  wall,  which 
the  Flood  Commission  recommended  to  supplement  the  reser- 


Fig.  4.  Low  Water  Stage  on  Youghiogheny  River  at  Connellsville. 

voirs,  even  with  no  allowance  whatever  for  peak  reduction  by 
storage.  The  capacit}r  of  the  reservoirs  would  therefore  be 
necessary  for  flood  protection,  only,  during  four  months  of  each 
year,  and  could  be  operated  for  other  purposes  during  the  other 
eight  months. 

Increased  Low  Water  Flow :  Such  operation  of  the  seventeen 
selected  reservoirs  would  have  increased  the  low  water  flow  of 
the  Allegheny  at  Pittsburgh  throughout  the  dry  season  to  almost 
3.5  times  its  present  minimum;  that  of  the  Monongahela  to 
about  six  times  its  minimum;  that  of  the  Kiskiminetas  to  about 
six  times  its  minimum;  and  that  of  the  Youghiogheny  to  about 
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ten  times  its  minimum.  The  low  water  discharge  of  the  Ohio  at 
Wheeling  would  be  increased  to  three  times  its  present  mini¬ 
mum,  corresponding  to  an  increase  in  stage  of  2.3  feet. 

The  benefits  from  such  increased  low  water  flows  would,  of 
course,  be  enormous.  The  lack  of  sufficient  water  to  operate  the 
locks  on  the  Monongahela  at  their  full  capacity,  which  now  is 
imminent,  would  be  permanently  avoided  and  slack  water  navi¬ 
gation  maintained  at  all  times.  The  proposed  locks  and  dams 
on  the  Youghiogheny,  already  authorized,  would  be  assured  of 
sufficient  water  to  allow  continuous  use,  which  is  not  now  the 
case.  The  view  shown  in  Fig.  4  illustrates  extreme  low  water 
conditions  as  they  now  exist  on  that  stream.  The  number  of 
locks  and  dams  required  to  complete  the  slackwater  system  on 
the  Ohio  and  Allegheny  would  be  decreased  and  the  period  of 
open  river  navigation  lengthened. 

Benefits  from  Greater  Dilution :  The  acidity  of  the  Mo¬ 
nongahela  and  the  Youghiogheny,  which  has  been  so  thoroughly 
discussed  before  this  Society,  would  be  reduced  by  half  at  ex¬ 
treme  stages,  and  the  present  occasional  acidity  of  the  Allegheny 
could  be  prevented.  The  hardness  of  the  Allegheny,  the  Mo¬ 
nongahela  and  the  Ohio  for  a  considerable  distance  below  Pitts¬ 
burgh  would  be  reduced  by  about  one-third  at  extreme  stages. 

The  increased  dilution  of  sewage  and  wastes  discharged  into 
the  rivers  would  postpone  the  necessity  of  purification  to  avoid 
nuisance,  and  make  easier  and  more  economical  the  design  of 
treatment  works  when  needed.  Moreover,  dilution  would  greatly 
improve  the  rivers  as  sources  of  water  supply  and  effect  great 
savings  in  reagents  necessary  to  purification.  In  addition,  it 
has  been  predicted  that  the  Monongahela  will  soon  be  unfit, 
as  a  source  of  supply  and  that  the  whole  of  Allegheny  County 
will  have  to  be  supplied  from  the  Allegheny  river.  When  it  is 
recalled  that  the  present  daily  use  of  water  for  domestic  and 
industrial  purposes  of  the  entire  district  is  approximately  equal 
to  the  low  water  flow  of  the  Allegheny  under  present  conditions, 
the  gravity  of  the  prospect,  and  the  need  of  conservation  by 
storage,  as  well  as  the  prevention  of  excessive  waste  by  metering, 
are  apparent. 

Finally,  the  use  of  reservoirs  for  other  purposes  than  flood 
protection  during  certain  portions  of  the  year,  would  make 
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possible  the  development  of  hydro-electric  power,  cheapening 
the  cost  of  power,  encouraging  industry  and  postponing  the  day 
of  exhaustion  of  the  state’s  great  resources  of  fuel.  Stream 
regulation  would  prevent  much  of  the  loss  and  waste  due  to  the 
abandonment  of  power  sites,  such  as  that  shown  in  Fig.  5. 


RELATION  OF  REGULATION  TO  CONSERVATION 

The  relation  of  public  utility  regulation  and  water  con¬ 
servation  is  made  plain  by  the  definitions  previously  discussed. 
Water-supply  companies,  water-power  companies,  water-storage 


Fig.  5.  Abandoned  Water  Power  Site  on  Pequea  Creek. 


and  irrigation  companies  and  others  that  are  obliged  to  use 
water,  are.  by  customary  usage,  among  those  public  utilities  that 
acquire  special  privileges,  owe  special  obligations,  and  require 
public  regulation.  Conversely,  public  utility  regulation  extends 
to  various  types  of  industry,  and  may  be  extended  to  others, 
which  are  dependent  on  the  development  of  water  resources. 
No  system  of  public  utility  regulation  can  be  adequate  without 
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taking  into  account  t lie  problems  of  water  conservation.  Xo 
plan  of  water  conservation  can  lie  effective  unless  the  relation 
of  public  utility  regulation  is  given  due  weight. 

Separation  Difficult:  So  closely  are  these  two  groups  of 
problems  related,  that  it  may  be  extremely  difficult  to  separate 
them  for  the  purposes  of  administration  by  two  state  bodies. 
Overlapping  may  hardly  be  avoided,  just  as  this  now  occasionally 
occurs  between  the  inspections  of  certain  operations  by  the 
Health  Department  and  the  Water  Supply  Commission;  most 
careful  cooperation  and  harmony  of  action  is  necessary  to  avoid 
such  duplication  at  times. 

Eventually,  it  is  possible  that,  for  economy  and  efficiency, 
the  administration  of  the  whole  problem,  including  the  determi¬ 
nation  and  review  of  exercise  of  right,  and  the  supervision  of 
design,  construction  and  operation  of  all  works  for  utilizing  the 
water  resources,  will  be  consolidated,  along  with  the  regulation 
of  other  public  utilities,  under  some  such  organization  as  a 
Public  Service  Commission.  This  is  the  tendency  of  the  proposed 
legislation  in  California,  where  for  some  time  several  com¬ 
missions  have  been  in  existence,  and  where  it  is  now  desired, 
under  progressive  statesmanship,  to  reduce  circumlocution  and 
promote  directness  and  efficiency,  by  the  creation  of  a  single 
body  to  fulfill  the  duties  of  all. 

Present  Inadequacy  of  Legislation 

At  present,  however,  both  the  water-laws  and  the  public- 
service-laws  in  this  state  are  in  such  incomplete  and  chaotic  con¬ 
dition  that  such  a  step  may  be  as  inadvisable  as  it  is  imprac¬ 
ticable.  The  Sanderson  case,  and  others  for  which  it  has  served 
as  a  precedent,  have  firmly  established  the  right  of  coal  mines  to 
contaminate  our  streams,  until  the  increasing  acidity  of  certain 
rivers  causes  great  loss,  and  will  necessitate,  as  has  already  hap¬ 
pened  in  some  cases,  their  abandonment  as  water  supplies,  unless 
the  tendency  is  stopped. 

Examples  of  Unique  Laws:  Even  the  legislature  lias  fol¬ 
lowed  this  peculiar  practice,  arrived  at  by  specious  reasoning, 
which  is  now  so  universally  criticised,  and,  in  the  Act  of  April 
22,  1905,  ‘‘To  Preserve  the  Purity  of  the  Waters  of  the  State'  \ 
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specifically  exempted  waters  from  coal  mines  and  wastes  from 
tanneries. 

Again,  by  the  act  of  April  13,  1905,  no  water  or  water¬ 
power  company  thereafter  incorporated, 

“Shall  have  the  power  to  exercise  the  right  of  eminent  domain, 
as, respects  the  appropriation  of  the  streams,  rivers  or  waters  of  this 
Commonwealth,  or  any  of  them,  nor  the  land  covered  thereby;*’ 

so  that  later  companies,  with  a  public  duty  to  perform,  may 
practically  be  prevented  from  performing  that  service  and  new 
developments  for  public  use  may  be  prevented  by  any  obstinate 
farmer  or  antagonistic  riparian  land  owner. 

The  authority  of  the  Water  Supply  Commission  and  the 
Department  of  Health  over  companies  supplying  water  to  the 
public  has  not  been  so  clearly  defined  but  that  conflict  is  pos¬ 
sible.  The  laws  providing  oversight  of  the  purity  of  waters 
and  approval  of  projects  before  any  such  company  can  use  water, 
and  the  regulations  with  regard  to  submission  of  plans  and  in¬ 
spection  of  construction  might,  under  less  cooperative  agencies, 
lead  to  duplication  of  work  and  division  of  responsibility. 

There  is  no  adequate  authority  over  the  operation,  prices 
and  charges  of  companies  using  the  water  resources.  Such  as 
now  exist  for  water  supply  companies  is  by  the  cumbersome 
method  of  review  by  the  Courts  of  Common  Pleas,  already 
overburdened  in  most  counties. 

Genossenschafts  Unknown:  Although  some  water  utiliza¬ 
tion  works,  as  storage  reservoirs,  could  be  made  to  serve  several 
purposes,  there  is  no  legal  method  by  which  such  interests  can 
be  combined,  as  in  the  “Genossenschafts”  of  Europe,  and  the 
costs  assessed  upon  all  municipalities,  companies  and  individuals, 
in  proportion  to  the  benefits — “a  consummation  devoutly  to  be 
wished.  ’  * 

A  single  example  of  the  type  of  this  concurrent  effort,  which 
we  do  not  have,  will  serve  to  illustrate.  About  1901,  six  reser¬ 
voirs  were  built  on  the  Neisse  River  in  Bohemia,  for  flood  con¬ 
trol  and  increase  of  low  water  flow.  The  prospective  benefits 
were  realized,  not  only  by  Bohemia,  but  also  by  Prussia,  Saxony, 
various  cities  and  private  interests.  The  total  cost  was 
$1  320  00,  toward  which  the  following  contributions  were  made : 
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Bohemian  Government,  $660  000. 

Prussian  Government  38  400. 

Saxon  Government,  24  000. 

Province  of  Silesia  ((Prussia),  9  600. 

County  of  Ober  Lausitz  (Prussia),  14  400. 

City  of  Gorlitz  (Prussia),  14  400. 


Private  water  interests  in  Prussia  and  Saxony,  72  000. 

The  remainder  was  made  up  by  a  loan.  We  need  such  co¬ 
operative  action  in  this  country. 

REALIZATION  THAT  IMPOTENCE  PREVENTS  DEVELOPMENT 

Flood  Commission’s  Opposition  to  Water  rower  Charters : 
It  was  because  of  this  generally  unsatisfactory  condition,  and  be¬ 
cause  of  the  apparent  lack  of  sufficient  authority  to  assure  to 
the  people  of  the  state  such  construction  and  operation  as  would 
result  in  the  greatest  benefit,  that  the  Pittsburgh  Flood  Com¬ 
mission  opposed  the  granting  of  certain  charters  to  proposed 
water-power  companies  on  the  Clarion  river  and  Tionesta  creek. 

It  is  important  to  dwell  upon  this,  for  it  leads  to  the  birth 
of  the  Water  Utilization  Association  and  the  advancement  of 
the  principles  for  which  it  stands;  and,  also,  because  there 
has  been  some  misconception  of  the  position  of  the  Flood  Com¬ 
mission  upon  this  subject.  Some  interpreted  its  stand  as  one 
of  opposition  to  all  such  progress  and  development  and  others, 
perhaps  even  more  unreasoning,  believed  that  in  welcoming 
construction  by  capital  of  the  intended  works  properly  regulated 
for  public  uses,  the  Flood  Commission  “had  sold  its  birth-right 
for  a  mess  of  pottage”;  neither  of  which  is  true.  Such  unfair 
and  untrue  rumors,  as  that  individuals  of  the  Flood  Commission 
are  directly  interested  in  securing  charters  for  water  power  de¬ 
velopment,  are  also  false.  Unfortunately  such  misrepresenta¬ 
tions  by  the  fanatic,  who  sees  right  only  in  his  own  extreme 
view,  are  common  in  public  affairs. 

The  position  of  the  Pittsburgh  Flood  Commission  upon  this 
important  matter  was  made  apparent  by  an  official  communi¬ 
cation  to  the  Water  Supply  Commission  dated  October  4,  1911  ; 
signed  by  Mr.  George  S.  Davison  in  behalf  of  the  Special  Com¬ 
mittee  having  this  matter  in  charge.  The  following  quotations 
are  taken  from  this  letter: 
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“The  Flood  Commission  of  Pittsburgh  has  elaborate  plans  for 
dams  upon  these  rivers  for  flood  protection.  Considerable  national 
legislation  was  passed  in  the  Session  of  1911  to  further  works  of  this 
character.  *  *  * 

“You  might  have  very  large  negative  powers  and  very  small  affirma¬ 
tive  powers.  Granting  that  the  public  interest  requires  the  development 
of  the  state’s  resources,  a  like  public  interest  may  demand  and  require 
flood  protection  to  Western  Pennsylvania,  which  last  may  eventually 
be  of  much  greater  interest  to  the  public  than  the  mere  privilege  of 
purchasing  cheap  power.  *  *  * 

“It  has  always  been  my  idea  *  *  *  that  your  commission  should 
act  in  this  matter  only  after  a  careful  comparison  of  the  plans  of  the 
Flood  Commission  and  the  applicants  for  charters,  and  approve  the 
charters  sought  only  when  you  are  fully  satisfied  that  there  can  be  no 
conflict  of  the  public’s  interests  as  resulting  from  carrying  out  plans 
for  both  flood  protecton  and  use  of  the  waters  for  power.  *  *  * 

“We  wish  to  assure  you  that  it  is  our  interest  in  the  great  public 
work  in  which  we  have  been  engaged  and  our  faith  that  some  plan  of 
protection,  not  necessarily  our  own,  will  eventually  be  undertaken,  that 
has  caused  us  to  be  insistent  that  you  delay  matters  and  with  no 
intention  of  interfering  with  the  power  enterprise  that  is  proposed/’ 

That  such  intelligent  opposition  was  thought  important  by 
the  Wrater  Supply  Commission  is  indicated  by  the  fact  that  they 
considered  the  question  for  over  eighteen  months,  and  finally 
refused  to  grant  most  of  the  charters  until  the  Legislature  should 
have  declared  more  definitely  the  powers  of  the  Commission. 
The  only  two  charters  that  were  granted,  had  the  following  re¬ 
strictions,  among  others,  attached  to  them : 

“Second:  That  within  twelve  months' after  date  of  issuance  of 
Letters-Patent,  there  shall  be  presented  to  the  Water  Supply  Com¬ 
mission  of  Pennsylvania  the  following  data : 

(a)  “An  accurate  map  of  the  area  flooded  by  each  dam,  with 
contours  sufficient  to  calculate  the  quantity  of  water  impounded  at 
various  depths,  also  revised  data  concerning  rainfall,  run-off,  available 
storage  and  the  effect  upon  them  of  drought  or  freshet  conditions. 
Also  the  extent  to  which  the  reservoirs  formed  can  be  used  to  amelio¬ 
rate  floods  in  the  Clarion  and  Allegheny  Rivers.  *  *  * 

“Third :  That  the  requirements  of  the  Corps  of  Engineers,  United 
States  Army,  in  charge  of  the  Allegheny  River,  as  to  the  minimum 
stream  discharge,  must  be  embodied  in  any  plan  for  using  the  water 
stored,  as  well  as  the  rights  of  lower  riparian  owners  to  have  available 
at  all  times  at  least  the  minimum  flow,  as  determined  by  the  Water 
Supply  Commission,  must  be  protected.  *  *  * 
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“Sixth:  That  the  operation  of  reservoirs,  in  so  far  as  the  control 
of  floods  and  the  maintenance  of  low  water  flow  is  concerned,  shall 
be  subject  to  the  direction  and  jurisdiction  of  the  Water  Supply  Com¬ 
mission  of  Pennsylvania.” 

These  are  just  the  things  which  the  Flood  Commission  so 
desires  to  see  accomplished  upon  all  the  tributaries  of  the  Ohio 
River  and  only  regrets  that  definite  authority  to  plan  and  pro¬ 
vide  for  execution  does  not  now  specifically  exist.  Such  re¬ 
strictive  powers,  with  even  more  ample  authority,  are  believed, 
by  the  new  Water  Utilization  Association,  to  be  proper  and 
necessary  prerogative  of  a  virile  commission. 

Other  Kinds  of  Opposition:  The  Flood  Commission’s  op¬ 
position  to  the  charters  mentioned  was  enlightened  and  public 
spirited.  There  was,  however,  other  strong  opposition,  that  of 
local  farmers,  lumbermen,  land  owners  and  railroad  operators, 
who  naturally  objected  to  the  flowage  of  their  lands,  villages 
and  rights  of  way,  who  feared  they  would  not  be  adequately 
recompensed,  or  who  considered  dams  and  reservoirs  a  dan¬ 
gerous  menace  to  life.  This  same  type  of  opposition  was  aroused 
by  the  Flood  Commission’s  proposal  to  control  Pittsburgh’s 
floods  by  building  reservoirs,  and  will  always  combat  any  pro¬ 
posal  to  make  use  of  this  method  of  stream-regulation  and  water- 
conservation.  It  has  even  led  to  the  exaggerated  statement  that 
this  great  project  plans  to  erect  dams  upon  the  main  stretches 
of  the  Allegheny  River,  where  they  will  interfere  with  the  build¬ 
ing  of  locks  and  low-dams  to  promote  navigation.  A  glance  at 
Fig.  2,  exhibiting  sites  upon  all  upper  tributaries,  successfully 
refutes  this  glaring  untruth. 

Of  course  it  is  to  be  expected  that  any  property  owner  should 
oppose  the  taking  of  his  property;  but  it  is  well  settled  that  the 
state  must  have  the  power  to  exercise  this  right  for  public  use; 
and  so  long  as  the  proposed  use  is  really  public — and  it  has 
been  pointed  out  that  the  sale  of  water  and  power,  without  dis¬ 
crimination  and  under  state  regulation,  is  so — such  objections 
cannot  be  valid.  Tt  is  a  well  established  proposition  that  the 
lesser  right,  use  and  necessity  shall  give  way  to  the  greater. 

Nor  is  there  any  ground  for  belief  that  compensation  for 
such  takings  will  not  be  ample.  The  Constitution  of  the  state 
prohibits  the  legislature  “from  depriving  any  person  of  an 
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appeal  from  any  preliminary  assessment  of  damages**,  and  as¬ 
sures  the  right  to  have  damages  “determined  by  a  jury,  accord¬ 
ing  to  the  course  of  common  law.”  It  is  well  known  how  liberal 
juries  are  inclined  to  be  in  awarding  damages  to  an  individual 
against  a  public-service,  or  even  a  municipal  corporation.  At 
the  time  of  the  construction  of  the  Wachusett  supply  of  the 
Boston  Metropolitan  Water  Works  System,  not  only  were  the 
property  owners  liberally  compensated  for  property  taken  or 


Fig.  6.  Ashokan  Dam,  Catskill  Water  Supply  for  New  York  City. 


damaged,  but  store  keepers  in  the  towns  that  were  flooded,  who 
themselves  were  not  disturbed,  were  paid  liberally  for  the  loss 
of  business  because  of  the  removal  of  many  of  their  customers 
from  the  territory. 

Fear  of  Disaster :  One  can  scarcely  blame  laymen  for  being 
fearful  of  the  supposed  dangers  from  dams  and  reservoirs,  when 
he  considers  some  of  the  statements  that  some  members  of  the 
engineering  profession  have  made.  It  has  been  publicly  stated 
by  certain  engineers  that  the  Johnstown  disaster  was  due  to  the 
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failure  of  a  well-designed-earthen-dam ;  and  that  the  Austin  dam 
was  an  adequatelv-foundationed  “  reinforced-concrete’’  structure 
of  the  best  type !  Before  this  audience,  it  is  unnecessary  to 
point  out  that  such  statements  argue  only  the  ignorance  of  their 
authors,  both  of  the  structures  mentioned,  and  of  the  hundreds 
of  successful,  well  designed  dams  in  this  country  and  abroad. 

Such  structures  as  the  Ashokan  Dam  of  the  New  York  Water 
Supply,  220  feet  high,  shown  on  Fig.  6,  the  Shoshone  Dam,  built 
by  the  United  States  Reclamation  Service,  250  ft.  high  above 
its  base,  and  328  feet  high  from  the  lowest  point  of  its  founda¬ 
tions,  shown  in  Fig.  7,  and  many  other  famous  water  supply 
and  irrigation  dams  that  will  occur  to  you,  stand  as  splendid 
monuments  to  engineering  skill,  and  as  irrefutable  answers  to 
any  general  condemnation  of  reservoirs  because  of  the  failure 
of  certain  badly  designed  or  poorly  constructed  dams. 

• 

TYPES  OF  LEGISLATION  NEEDED 

The  conditions  that  have  been  described  indicate  that  be¬ 
fore  a  final  and  most  economical  solution  of  the  problems  of 
public  utility  regulation  and  water  conservation,  and  of  their 
proper  relation,  can  be  attempted,  much  of  a  more  elementary 
character  must  be  done.  Progress  must  be  by  steps  and  not  at¬ 
tempted  at  one  bound.  It  is  desirable  at  this  time,  therefore,  to 
discuss  only  some  of  the  more  important  lines  along  which  prog¬ 
ress  is  desired,  and  to  point  out  the  principles  which,  it  is  hoped, 
legislation  during  the  coming  session  will  embody. 

Party  Platforms :  The  platforms  of  both  of  the  parties  in 
the  State  favor  a  comprehensive  and  effective  public  utilities  law. 
The  parties  also  favor  the  general  plan  of  water  conservation 
for  the  control  of  floods,  for  increasing  the  navigable  flow  of 
rivers,  for  water  power  development  and  for  all  proper  asso¬ 
ciated  purposes.  Under  these  circumstances  the  prospects  for 
substantial  progress  are  very  good. 

Public  Utilities  Laic :  Several  public  utilities  bills  were 
drafted  last  year,  and  no  doubt  a  number  will  be  presented  at 
the  coming  session.  It  is  of  great  importance  that  the  legislation 
that  is  finally  enacted  shall  represent  the  most  modern  thought 
nnd  experience,  and  take  due  account  of  problems  of  water  con- 


Fig.  7.  Shoshone  Dam,  Boise  Irrigation  Project,  Idaho 
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servation  and  utilization.  It  should  provide  for  a  single  highly 
paid  State  Commission  of  broad  gauged  publicists  with  liberal 
powers  and  conspicuous  responsibility.  Its  authority  should  ex 
tend  over  all  persons  and  corporations,  municipal  and  private, 
undertaking  to  supply  a  service  for  the  public  use.  It  should 
have  complete  and  well  defined  control  over  issue  of  charters, 
accounting,  rates  and  service,  and  should  be  able,  by  requiring 
proper  reports,  to  .assure  full  publicity  in  all  public  utility 
matters. 

Care  will  be  necessary  in  drawing  both  this  and  the  water 
laws  to  consider  both  together  and  to  avoid  as  far  as  possible 
the  chance  of  overlapping  authority  or  duplication  of  work  be¬ 
tween  the  Public  Utilities  Commission,  the  Water  Supply  Com¬ 
mission  and  the  Department  of  Health.  Moreover,  much  will 
depend  on  the  preservation  in  the  bill  of  a  fair  balance  of  justice, 
and  a  spirit  of  liberality,  rather  than  of  hostility,  toward  the 
companies.  For  it  is  to  the  interest  of  the  public  that  capital 
shall  be  attracted  to  these  fields,  rather  than  driven  from  them. 
Chairman  C.  A.  Prouty  of  the  Interstate  Commerce  Commission 
expressed  this  thought  well  in  his  address  before  the  annual 
convention  of  the  National  Association  of  Railway  Commission¬ 
ers  at  Washington,  D.  C.,  November  19,  1912,  when  he  said: 

“The  United  States  is  trying  an  experiment  which  never  has  been 
successfully  worked  out  yet  in  the  history  of  the  world.  It  is  trying 
to  build,  develop  and  operate  its  railroads  by  private  capital  under 
rates  and  regulations  fixed,  not  by  the  owners  of  that  capital,  but  by 

the  public.  *  *  * 

“We  can  make  rates  reasonable,  we  can  remove  discriminations, 
we  can  put  on  schedules  for  the  running  of  trains;  all  that  is  easy. 
The  question  is  here,  can  you  obtain  under  this  system  the  new  money 
which  is  necessary  to  develop  our  old  railroad  systems  and  to  build  our 
new  railroad  systems  V’ 

WATER  LAWS  NEEDED 

At  the  same  time,  the  problem  of  water  conservation  has  not 
lacked  study,  and  various  organizations  have  been  giving  much 
thought  to  the  type  of  legislation  that  will  best  fit  Pennsylvania 
conditions.  The  Flood  Commission  is  still  active  and  not  a  bit 
discouraged  by  the  temporary  setback  in  the  defeat  of  the  river 
wharf-wall.  It  has  not  ceased  to  advocate  city,  state  and  na- 
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tional  aid  of  works  to  prevent  floods,  improve  navigation,  and 
conserve  water.  But  it  is  not  opposed  to  private  development, 
provided  suitable  provision  is  made  to  ensure  state  control  and 
to  prevent  exploitation. 

Pennsylvania  Conservation  Association :  The  Pennsylvania 
Conservation  Association,  a  branch  of  the  National  Conservation 
Association,  has  also  continued  its  good  work,  and  advocates  a 
similar  policy,  expressed  in  its  “Ten  Commandments”,  from 
which  the  following  quotations  are  taken: 

“4.  Watercourses  as  a  State  Resource.  The  waters  of  the  state 
are  one  of  its  most  important  assets.  They  should  be  systematically 
mapped  and  considered,  and  eventually  developed  and  utilized  for  the 
equal  benefit  of  all  citizens.  In  such  development  every  stream  should 
be  considered  as  a  unit,  from  its  source  to  its  mouth.  *  *  * 

“5.  Supervision  of  Use  of  Waters  by  Corporations.  Private  pro¬ 
jects  for  water  power  development  seeking  state  aid  in  the  form  of  a 
corporate  franchise,  carrying  the  right  to  condemn  property,  to  use 
lands  or  water  rights  belonging  to  the  public,  to  obstruct  navigable 
rivers,  or  otherwise,  should  be  subject  to  careful  consideration  and  to 
strict  regulation,  in  order  to  secure  prompt,  complete  and  orderly  de¬ 
velopment;  efficient  service  at  fair  prices  and  on  equal  terms  to  all 
consumers  in  like  conditions;  full  public  information  as  to  costs  and 
profits;  honest  capitalization  on  a  basis  of  cost;  and  fair  rentals  for 
public  property  used  within  the  franchise  granted.  *  *  * 

The  Annual  Report  of  Secretary  Fisher  of  the  Department 
of  the  Interior,  dated  December  2,  1912  contains  positive  state¬ 
ments  upon  this  subject,  viz : 

“There  is  no  more  important  subject  now  pending  before  Congress 
and  the  country  than  the  adoption  of  a  definite  and  comprehensive 
water-power  policy,  both  with  regard  to  streams  upon  the  public  do¬ 
main  and  navigable  streams  not  on  the  public  domain.  *  *  * 

“The  fundamental  purpose  of  a  rightly  considered  water-power 
policy  is  the  encouragement  and  stimulation  of  the  development  and 
use  of  this  great  natural  resource  for  the  benefit  of  the  public  and 
along  lines  which  will  protect  and  promote  the  public  interest.  Its 
object  is  development,  but  development  for  the  benefit  of  the  public. 
The  first  public  interest  is  that  the  water  power  shall  be  developed  and 
utilized,  but  some  forms  of  development  and  utilization  are  obviously 
better  calculated  to  promote  the  public  interest  than  are  other  forms. 
It  is  therefore  essential  that  we  should  determine  what  form  of  develop¬ 
ment  will  best  promote  the  public  interest.  Our  present  economic  and 
social  institutions  are  based  upon  the  theory  that  the  welfare  of  the 
community  is  to  be  promoted  largely  through  the  opportunities  of 
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personal  gain  offered  to  the  individual  members  of  the  community.  It 
is  through  these  opportunities  of  personal  advantage  that  we  expect 
to  stimulate  the  ambition  and  the  energies  of  private  individuals  whose 
activities  in  the  mass  promote  the  welfare  of  the  community  and  advance 
the  prosperity  and  the  happiness  of  the  people  as  a  whole. 

“So  far  as  government  itself  does  not  undertake  the  development 
of  water  power  it  is  therefore  necessary  and  desirable  that  we  shall 
offer  to  those  private  interests  which  do  undertake  its  development  a 
sufficient  opportunity  for  profit  and  a  sufficient  protection  of  their 
investment  to  secure  the  largest  measure  of  development  for  which 
there  is  a  present  market,  or  for  which  a  market  can  profitably  be 
created.  *  *  * 

“Above  all  we  must  make  certain  that  those  who  receive  special 
privileges  connected  with  water-power  developed  shall  in  fact  pro¬ 
ceed  by  appropriate  degrees  and  within  appropriate  times  to  develop 
the  available  water  power  to  its  highest  capacity,  having  due  regard 
to  the  possibilities  of  marketing  the  product.  We  must  make  certain 
that  the  electric  energy  thus  created  shall  be  made  available  to  the 
community  in  appropriate  ways  at  appropriate  prices.  *  *  *  There 
must  be  appropriate  provisions  in  the  permit  or  in  the  law  under 
which  the  permit  is  issued  for  the  effective  enforcement  of  such  con¬ 
ditions  as  are  essential  to  the  public  interest.” 

National  Conservation  Association :  The  National  Conser¬ 
vation  Association,  also,  admirably  expresses  similar  principles 
in  its  water  power  platform,  from  which  the  following  extracts 
are  taken : 

“Power  sites  should  be. developed,  not  held  unused  for  speculative 
purposes.  *  *  *  Cheap,  and  partial  development  for  large  and  quick 
profits  should  not  take  place,  so  as  to  prevent  full  development  for 
moderate  profits.  *  *  * 

“Every  stream  is  a  unit  from  source  to  mouth.  It  should  be  ap¬ 
plied  to  human  needs  *  *  *,  in  such  order  of  preference  or  in  such  com¬ 
bination  as  will  be  of  greatest  public  benefit. 

“Private  enterprise  is  not  self  sufficient  *  *  *  .  Public  aid  is 
needed  in  one  or  more  of  the  following  ways:  *  *  *  Authority  to  use 
private  lands  *  *  *  and  private  water  rights  *  *  *  without  the  owner’s 
consent  (eminent  domain)  *  *  *  authority  to  assess  the  cost  of  water 
storage  upon  the  lands  specially  benefited  thereby.  All  power  sites 
below  the  reservoir  are  so  benefited. 

*  *  *  Water  companies  may  rightfully  demand  certainty  of 
tenure;  *  *  *  adjudication  of  differences  by  an  impartial  tribunal;  •  *  • 
a  fair  chance  for  a  generous  profit  on  the  investment;  *  *  *  fair  com¬ 
pensation  for  permanent  works  taken  from  the  company  at  the  ex¬ 
piration  of  its  franchise,  privilege  or  lease.” 
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New  Water  Utilization  Association :  There  seemed,  how¬ 
ever,  to  be  a  distinct  field  of  usefulness  for  a  new  state-wide  or¬ 
ganization,  which  should  lay  especial  stress  on  the  variety  of 
public  interests  that  could  be  served  by  proper  works  for  the 
utilization  of  water,  and  which,  while  favoring  all  possible 
public  aid  for  such  works,  would  actively  promote  private  de¬ 
velopments  under  state  regulation.  From  this  idea  springs  the 
Water  Utilization  Association  of  Pennsylvania,  of  which  the 
writer  has  the  honor  to  be  President.  The  purpose  and  form 
of  organization  of  this  Association  can,  perhaps,  be  best  explain¬ 
ed  by  repeating  certain  section  of  its  by-laws,  which  are  as 
follows : 

Article  2.  Object:  The  object  of  this  Association  shall  be  to 
obtain,  by  publicity,  conference  and  otherwise,  cooperation  of  indi¬ 
viduals,  associations  and  companies,  interested  in  water  conservation, 
to  secure  adequate  legislation  under  wise  state  supervision,  necessary  to 
the  broadest  and  best  utilization  of  the  waters  of  the  State. 

Article  3.  Members :  All  membership  shall  be  personal,  and 
representative  as  far  as  possible  of  all  the  various  water  concerns, 
civic  organizations,  engineering  societies,  flood  protection  committees, 
and  all  others  interested  in  these  questions. 

The  plan  of  campaign  has  consisted  in  seeking  cooperation 
of  all  companies,  associations  and  publicists  who  were  likely  to 
be  interested;  of  soliciting  voluntary  contributions  from  any 
who  feel  so  inclined  and  sufficiently  impressed  with  the  im¬ 
portance  of  the  work;  of  addresses  by  the  President  before 
various  Societies,  Boards  of  Trade,  Civic  Organizations,  etc., 
throughout  the  state,  explaining  the  purposes  of  the  Association 
and  promoting  local  studies  along  the  lines  of  the  work  of  the 
Pittsburgh  Flood  Commission;  and  of  studies  of  the  water  laws 
of  other  states  and  countries,  with  a  view  to  advocating  before 
the  coming  legislature  a  modern,  rational  system  of  law's,  that 
will  make  possible  and  encourage  the  development  of  our  water 
resources,  so  as  to  secure  the  greatest  good  to  the  greatest  num¬ 
ber  for  the  longest  time. 

Any  true  conservation  policy  involves  development  and  uti¬ 
lization.  We  believe  that  such  utilization  should  be  the  most 
economical  possible,  and  favor  all  legitimate  means  of  preventing 
waste.  In  this  connection,  everyone  with  these  views  must  be 
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in  favor  of  the  extension  of  metering  throughout  the  state,  and 
in  hearty  accord  with  the  activity  in  this  direction,  now  being 
shown  in  Pittsburgh  and  Philadelphia.  Not  only  will  useless 
waste  be  stopped,  but  distribution  of  expense  will  be  made 
equitable  and  those  who  use  most  will  pay  accordingly. 

We  do  not  oppose  national  and  state  appropriations  for 
control  and  development  of  water  resources;  but  we  recognize 
that  national  and  state  action  will  be  slow  in  coming.  Here  in 
Pennsylvania,  the  state  cannot  create  a  debt  except  for  purposes 
of  war,  so  that  a  constitutional  amendment  and  at  least  three 
years  delay,  would  be  necessary  before  we  could  hope  for  progress 
in  this  way.  We  understand  that  one  use  of  works  for  utiliza¬ 
tion  of  water  does  not  wholly  exclude  others,  and  that  flood 
protection,  river  improvement,  power  development,  water  supply 
and  other  important  ends  can  be  served  by  the  same  works,  if 
properly  designed  and  operated.  We  realize  that  such  design 
and  operation  can  be  assured  only  by  adequate  state  control, 
and  we  have  faith  in  the  power  of  the  people  to  secure  these 
ends,  and  to  protect  themselves  against  abuses  and  exploitation 
by  wise  regulation.  We  believe  that  a  water  company  or  a 
power  company,  serving  all  the  people,  under  state  regulation, 
is  a  true  public  utility,  and  a  proper  agent  of  the  legislature  to 
exercise,  under  the  control  of  some  commission,  the  right  o£ 
eminent  domain  as  to  all  kinds  of  property  and  rights  necessary 
lor  their  purposes.  We  hope  to  see  a  state  commission  given 
sufficient  money  and  authority  to  effectively  control  in  all  these 
matters  and  to  study,  map  and  publish  completely,  full  data 
about  rainfall,  run-off,  forestation,  power  opportunities,  reservoir 
sites,  etc.  We  favor  legislation  making  possible  the  cooperation  of 
state,  counties,  cities,  corporations  and  individuals  in  construct¬ 
ing  works,  and  the  equitable  assessment  of  the  costs  according 
to  the  benefits  secured.  We  hope  to  see  a  complete  revision  ot' 
the  water  laws  of  the  State,  and  the  establishment  of  a  satisfac¬ 
tory  method  for  the  definite  determination  of  water  rights,  so 
as  to  encourage  private  capital,  by  assurance  of  fair  treatment 
and  an  opportunity  to  earn  a  reasonable  return,  to  cooperate 
in  carrying  out  a  broad  policy  of  conservation. 

Agreement  of  Purposes  Evident:  No  one  can  read  this 
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statement  of  the  purposes  of  the  Water  Utilization  Association 
and  the  “Ten  Commandments”  of  the  Pennsylvania  Conserva¬ 
tion  Association  without  being  struck  by  their  practical  agree¬ 
ment.  For  this  reason  it  is  unfortunate  that  some  have  attempt¬ 
ed  to  create  a  spirit  of  antagonism  between  the  two  organiza¬ 
tions  when  co-operation  is  needed  to  work  out  the  problems 
that  confront  us. 

To  carry  out  these  policies  is  a  task  worthy  of  the  best 
thought  of  our  state.  The  engineering  profession  can  contribute 
more  than  any  other  class  of  citizens,  for  the  engineer  is  the  true 
conservationist  of  society.  The  author  will  feel  that  he  has 
accomplished  much  good  if  he  succeeds  in  arousing  this  body 
to  serious  consideration  and  active  discussion  of  these  important 
measures. 


DISCUSSION 

Mr.  W.  G.  Wilkins:*  Mr.  Knowles  showed  a  picture  of 
the  Birmingham  Water  Supply  Dams.  I  had  the  good  fortune 
to  be  with  that  dam  and  the  three  dams  of  that  water  supply. 
In  the  line  of  Mr.  Knowles’  suggestion  that  storage  reservoirs 
can  be  built  to  maintain  a  minimum  flow  of  water  during  a 
dry  season,  I  would  state  that  the  lower  dam  of  the  Birming¬ 
ham  water  supply  is  for  that  very  purpose  and  the  upper  dams 
only  are  for  the  water  supply  of  the  city.  Another  interesting 
fact  that  I  ascertained  while  talking  over  the  question  with  the 
superintendent  of  that  dam,  who  was  engineer  on  the  construc¬ 
tion  of  one  of  the  dams,  was  that  whereas  the  city  of  Birming¬ 
ham  is  about  the  same  size  as  Pittsburgh,  when  that  dam  was 
built  the  conduits  which  carried  that  water  to  Birmingham  were 
designed  for  a  maximum  daily  capacity  for  each  inhabitant  of 
20  gallons  per  capita  instead  of  over  200  as  we  have  it  in  Pitts¬ 
burgh.  And  I  saw  in  the  papers  the  other  day  that  in  Philadel¬ 
phia  the  maximum  per  capita  is  210.  With  the  installation  of 
meters  in  Pittsburgh  we  think  we  can  cut  that  down  from  200 
to  100  and  we  all  know  that  ought  to  have  been  done  long  ago 
and  we  would  not  have  the  necessity  of  installing  any  new 
pumping  engines  at  all. 

♦Consulting  Engineer,  W.  G.  Wilkins  &  Co.,  Pittsburgh. 
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Col.  Thos.  P.  Roberts:*  Mr.  Knowles  paper  bears  evi¬ 
dence  of  much  careful  thought  and  especially  so  in  those  parts 
relating  to  the  character  of  the  legislation  needed  to  bring  about 
intelligent  control  of  water  power  and  water  storage  projects. 
He  refers  to  the  gradual  convergence  of  the  ideas  of  the  various 
organizations,  now  in  the  field  of  conservation,  throughout  the 
country  towards  a  more  centralized  authority. 

A  casual  reading  of  the  paper  is  apt  to  leave  the  impres¬ 
sion,  however,  that  Mr.  Knowles  desires  that  such  commission 
should  have  practically  unlimited  control  of  all  questions  which 
may  arise  in  connection  with  the  conservation  of  our  water 
supplies.  Now  all  kinds  of  legal  questions  will  be  apt  to  spring 
up  relating  to  damages,  and  betterments,  and  to  the  ‘  ‘  inalienable 
rights”  of  individuals,  which  would  require  judicial  determina¬ 
tion.  It  will  ever  be  the  case,  therefore,  that  the  courts  will 
have  final  jurisdiction  over  the  acts  of  the  commission. 

Mr.  Knowles  cites  some  authorities  tending  to  show  that  a 
public  utility  commission  is  to  be  considered  in  a  light  different 
from  other  quassi  public  corporations,  such  as  railroads.  His 
view,  while  it  may  have  the  moral  support  of  a  great  many 
intelligent  persons,  may  still  not  be  founded  on  sound  demo¬ 
cratic  principles  of  government.  There  can  be  little  doubt, 
however,  that  the  recommendations  of  a  duly  authorized  and 
capable  utility  commission  would  be  but  rarely  overruled  by 
the  courts. 

It  may  be  inferred  that  Mr.  Knowles  recognizes  the  fact 
that  the  United  States  Government  is,  or  may  be,  an  interested 
party  when  it  comes  to  river  questions.  The  government  has 
not  yet,  however,  so  far  as  the  writer  is  aware,  taken  any  de¬ 
cided  stand  in  regard  to  storage  reservoirs  tributary  to  navi¬ 
gable  rivers.  It  might  object  to  power  companies  shutting  off 
the  water  supply,  when  such  act  proved  detrimental  to  the  in¬ 
terests  of  navigation.  In  periods  of  protracted  draughts  it  is 
easy  to  imagine  when  the  water  is  getting  low  in  the  reservoirs 
there  will  be  the  temptation  to  shut  the  mills  down  at  night  to 
gain  storage.  Such  questions,  however,  for  the  most  part  could 
likely  be  settled  without  serious  difficulty. 

*U.  S.  Engineer’s  Office,  Pittsburgh,  Pa. 
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The  government,  in  the  writer’s  opinion,  should  also  have 
the  right  to  inquire  into  the  height  of  dams,  storage  capacity, 
and  as  to  the  construction  plans;  for  the  failure  of  a  large  dam 
might  destroy  everything  below  for  a  long  distance,  including 
the  navigation  locks  and  dams,  and  leave  in  the  channel  im¬ 
mense  quantities  of  debris  difficult  and  costly  to  remove. 

The  present  writer,  with  much  regret,  begs  leave  to  call 
Mr.  Knowles  attention  to  a  slight  slip  of  his  pen  when  he  wrote 
that  any  one  could  see  by  referring  to  the  Flood  Commission 
map  that  no  reservoirs  were  proposed  on  the  main,  or  navigable 
rivers.  When  the  writer  looked  at  the  map  referred  to  he  found 
on  the  Alleghany  river  no  less  than  three  proposed  dams  60  or 
more  feet  high  between  Oil  City  and  Warren,  Pa.  The  United 
States  Government  has  surveyed  that  stretch  of  river  in  past 
years,  and  steamers  have  plied  upon  it,  and  it  is  navigable  ac¬ 
cording  to  Pennsylvania  laws,  and  is  so  de  facto. 

The  writer  has  no  desire  to  unduly  criticise  the  work  of  the 
Flood  Commission,  a  body  of  gentlemen  which  has  labored 
zealously  in  making  surveys  and  presenting  data  having  a  bear¬ 
ing  on  the  reduction  of  floods  at  Pittsburgh.  It  would  require 
much  space  to  review  the  report  in  a  manner  commensurate  with 
the  important  subjects  with  which  it  deals.  However,  there  may 
be  merit  in  conclusions  quite  different,  from  an  engineering 
standpoint,  from  that  of  the  commission,  especially  as  to  the 
location  of  reservoirs  to  restrain  floods  at  Pittsburgh. 

If  the  writer  is  correct  in  his  understanding  of  the  report, 
the  Commission  inclines  towards  the  plan  of  constructing  its 
reservoirs  with  the  idea  of  keeping  tham  half  full,  as  a  rule, 
for  water  power,  the  top  half  being  available  for  flood  storage. 
If  this  be  the  plan  it  is  apparent  that  for  flood  purposes  alone, - 
less  than  half  their  present  estimated  cost  would  be  sufficient. 

As  a  Pittsburgher,  the  writer  would  favor  the  raising  of 
streets  and  buildings,  where  necessary,  in  preference  to  placing 
dependence  on  storage  reservoirs  to  restrain  floods,  and  espec¬ 
ially  to  placing  reliance  upon  reservoirs  so  remote  from  the 
city  as  are  some  of  the  largest  ones  recommended  by  the  com¬ 
mission. 

The  writer  holds  to  the  following  premises  or  brief  state- 
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•ments  to  explain  his  position  on  the  assumption  that  reservoirs 
are  to  be  used : 

First :  That  the  watershed  above  Pittsburgh  on  North  and 
South  lines  measures  more  that  250  miles  (really  about  280  miles 
between  extreme  points)  and  that  no  rain  storms  which  traverse 
the  watershed  from  the  West  or  Southwest,  cover  a  belt  of  more 
than  ninety  miles  in  width  with  a  mean  precipitation  of  about 
2 y2  inches,  that  is  to  say,  covering  about  one-third  of  the  terri¬ 
tory.  Sometimes  the  melting  of  snow  may  add  to  this,  and  con- 
trawise  if  the  snow  is  deep,  it  may  absorb  much  rain  water  . 

Second :  The  watershed  can  be  best  understood  when  divid¬ 
ed  into  three  parts,  Northern — Middle — and  Southern. 

Third :  No  great  flood  at  Pittsburgh  ever  did,  or  can  occur 
without  the  “connivence”  of  the  middle  section  of  the  water¬ 
shed,  which  embraces  much  of  the  valleys  of  the  Youghiogheny 
and  Kiskiminetas  rivers  which  are  nearest  to  Pittsburgh. 

Fourth:  The  greatest  storm  ever  known  over  the  Southern 
section,  extending  somewhat  into  the  middle  section,  occurred 
in  July,  1888,  overcapping  all  previous  flood  records  by  three 
feet,  everywhere  above  Monongahela  City,  making  44  feet  at 
Brownsville,  57  miles  above  Pittsburgh,  and  35  feet  at  Fairmont, 
130  miles  above  the  city.  Yet  this  altogether  unprecedented 
flood  made  only  22  feet  at  Pittsburgh,  doing  no  damage,  ex¬ 
cept  to  floating  craft  caused  by  the  high  velocity  of  the  current. 
The  flood  found  the  wide  and  steep  bed  of  the  Ohio  ready  to 
receive  and  dispose  of  the  water  very  readily. 

Fifth :  Owing  to  the  proximity  to  Pittsburgh  of  the  You¬ 
ghiogheny  and  Kiskiminetas  rivers,  floods  from  them  invariably 
reach  the  head  of  the  Ohio  river  hours  in  advance  of  flood  waters 
from  the  heads  of  the  other  rivers.  The  effect  is  to  partially 
fill  the  prism  of  the  Ohio.  Hence  floods  coming  from  the  upper 
regions  finding  the  flood  channel  way  of  the  Ohio  preempted  in 
this  manner,  with  insufficient  slope  or  velocity  for  itself,  must 
proceed  to  “pile  up”;  so  to  speak;  until  it  develops  a  sufficient 
slope  to  discharge  itself.  In  the  piling  up  process,  however,  the 
low  lying  grounds  about  the  city  are,  of  course,  flooded. 

Sixth :  It  is  evident,  therefore,  that  the  discharging  ca¬ 
pacity  of  the  Ohio  would  be  wonderfully  increased,  if  the  “Pre- 
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empting’'  floods  from  the  Youghiogheny  and  Kiskiminetas  rivers 
could  be  materially  restrained. 

Seventh:  It  follows  as  a  corollary  that  the  mean  flood 
velocities,  and  consequently  their  moment  discharges,  at  similar 
stages,  or  depths,  at  Pittsburgh  may  vary,  and  they  do  vary  as 
five  does  to  eight,  and  hence  the  importance  of  determining  flood 
slopes  to  obtain  their  discharge ;  hence  also  the  utter  unrelia¬ 
bility  of  a  rating  table  to  give  the  discharge  at  critical  times  of 
some  of  the  peculiar  floods  which  pass  Pittsburgh.  The  best 
rating  table  gives  only  average,  or  normal  discharges. 

Eighth :  The  flood  of  1884  in  the  lower  Ohio  presented  a 
marked  case  of  retarded  velocity,  owing  to  the  action  of  certain 
of  its  southern  tributaries.  Thus  the  prism  of  the  river  at 
Cincinnati  was  filled  to  59  feet  depth  before  the  real  flood  crest 
had  reacher  Pittsburgh.  The  crest  moved  down,  468  miles,  to 
Cincinnati  in  eight  days,  whereas  floods  of  considerably  less 
depth  usually  require  but  four  days  to  encompass  the  same 
distance.  Herein  is  shown  the  wonderful  possible  difference  in 
the  moment  discharges  of  floods  having  similar  depths. 

Ninth :  The  March,  1907,  flood  at  Pittsburgh,  the  highest 
ever  known  here,  was  largely  due  to  the  abnormal  discharge  of 
the  Youghiogheny  river — checking,  or  holding  back,  the  Mo- 
nongahela  above  McKeesport.  That  the  discharge  of  the  You¬ 
ghiogheny  was  for  many  hours  greater  than  that  of  the  Mononga- 
hela  is  a  fact  susceptible  of  demonstration.  The  Flood  Com¬ 
mission  very  curiously  neglected  to  inquire  into  the  matters  of 
flood  slopes  for  the  rivers  at  West  Newton  and  at  Lock  No.  4; 
had  they  done  so,  the  mistake  which  was  made  as  to  the  restrain¬ 
ing  effect  of  its  Youghiogheny  Reservoir  No.  2  would  not  have 
been  made.  The  Commission’s  estimate  for  the  discharge  of 
the  two  rivers  should  be  transposed. 

Tenth:  To  control  the  middle  section  floods,  the  writer 
wTould  propose  to  confine  the  reservoir  sites  to  points  within  45 
miles  air  line,  or  75  miles,  stream  radius,  of  Pittsburgh.  Per¬ 
haps  as  many  as  100  dams  might  be  found  necessary  to  secure 
the  proper  control,  ranging  from  25  to  50  feet  high,  and  most  of 
them  on  the  tributaries  of  the  larger  creeks,  the  creek  valleys 
proper  being  generally  occupied  by  railroads,  villages,  mills, 
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etc.  With  sucli  control  the  peaks  of  floods  at  Pittsburgh  would 
be,  in  the  writer’s  opinion,  reduced  more,  and  with  greater  cer¬ 
tainty  as  to  results,  than  by  the  “long  distance”  control  pro¬ 
posed  by  the  Commission. 

Eleventh :  Of  course  there  are  troubles  in  the  way,  here, 
as  in  any  other  plan,  but  with  $125  000  allowance  upon  an 
average,  for  100  of  these  small  dams  the  work  might  be  done, 
including  also  damages  and  land  purchases. 

Twelfth :  All  high  dams  above  populous  districts,  in  the 
writer’s  opinion,  should  be  provided  with  a  secondary  or  emerg¬ 
ency  dam  of  dimension  stone,  pierre  purdue,  or  some  other 
contrivance,  to  satisfy  the  public  that  by  no  possibility  could  a 
great  disaster  occur.  It  would  be  about  as  bad  as  the  ‘  ‘  real 
thing”  to  live  in  Pittsburgh  and  hear  the  people  talk  about 
disasters  every  time  it  rained.  Such  talk  would  not  be  good 
for  strangers  to  hear.  Mr.  Knowles  and  others  may  be  justified 
in  poo-hooing  such  fears,  but  can  they  be  abated  by  the  guaran¬ 
tees  of  engineers?  We  fear  not. 

Thirteenth :  A  number  of  experienced  river  engineers  have 
called  attention  to  the  importance  of  reservoirs  being  as  close 
as  possible  to  the  region  to  be  protected,  of  course  covering 
ample  area,  and  have  dwelt  upon  the  matter  of  proximity  also 
in  connection  with  increase  of  low  water  discharge  in  rivers. 
Evaporation  in  a  long  distance  over  a  wide  river,  including  the 
water  soaked  and  often  highly  heated  shoals,  or  sand  bars,  near 
the  water  line,  causes  much  more  loss  of  water  than  may  be 
supposed.  Many  considerable  western  streams  lose  their  entire 
discharge  from  the  effect  of  evaporation.  The  Flood  Commis¬ 
sion  has  only  one  of  its  selected  17  reservoirs  located  in  the 
Youghiogheny  valley,  and  that  one  in  the  state  of  Maryland, 
and  two  reservoirs  in  the  Kiskiminetas  valley,  where  flows  the 
largest  tributary  of  the  Allegheny  river,  and  the  chief  of  sinners 
as  a  high  flood  producer  at  Pittsburgh. 

Mr.  O.  C.  Merrill:*  Mr.  Knowles  sent  me  a  copy  of  the 
syllabus  of  his  paper  a  few  days  ago  and  asked  me  to  discuss 
some  features  of  the  subject  from  the  point  of  view  of  one  who 
is  chiefly  interested  in  the  development  and  regulation  of  water 

♦Chief  Engineer,  Forest  Service,  U.  S.  Department  of  Agriculture. 
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power  and  who  as  a  Government  official  has  had  considerable 
of  this  sort  of  work  to  do. 

It  should  go  without  saying  at  the  present  time  that  any 
industry  which  is  clothed  with  a  public  use  is  subject  to  public 
regulation,  but  there  may  still  be  doubt,  as  there  has  been  in  the 
past,  concerning  the  character  and  degree  of  such  regulation 
and  concerning  the  body  which  should  exercise  it. 

A  certain  amount  of  public  regulation  of  water  powers 
has  existed  for  a  long  time,  both  in  this  country  and  abroad. 
The  mill  acts  of  Maine  and  Massachusetts  have  been  in  force 
for  over  a  hundred  years.  Laws  for  the  control  of  water  power 
development  and  use  were  enacted  in  France  in  1851  and  in 
Italy  in  1865.  The  movement  toward  public  regulation  has, 
however,  had  its  greatest  impetus,  both  at  home  and  abroad, 
during  the  last  ten  or  fifteen  years.  Regulation  to  a  varying 
degree  is  now  exercised  in  Sweden,  Norway,  France,  Italy,  Swit¬ 
zerland;  in  New  Zealand,  Australia  and  Japan;  in  all  the  Cana¬ 
dian  provinces ;  by  the  Federal  Government  of  the  United  States, 
and  by  many  of  the  States,  such  as,  Maine,  New  York,  Wisconsin 

and  California. 

_  ’  * 

The  character  as  well  as  the  source  of  the  regulation  thus 

exercised  varies  widely.  In  some  instances  the  source  of  control 

is  the  local  authority,  as  the  municipalities  and  states  of  the 

United  States.  In  most  of  the  European  countries  the  source 

of  control  is  in  the  nation.  Occasionally  there  is  both  a  national 

and  a  local  control  as  under  certain  conditions  in  Switzerland 

and  on  the  public  lands  of  the  United  States.  The  character  of 

the  regulation  or  control  is  as  variable  as  its  source.  In  some 

instances  it  goes  only  to  the  extent  of  prescribing  the  form  of 

charter  or  of  fixing  the  terms  of  a  permit  or  lease.  This  is  the 

general  method  employed  in  this  country  by  the  State  and 

Federal  Government.  In  Italy  and  Switzerland,  supervision  and 

control  are  exercised  over  the  design,  construction  and  opera- 

.  « 

tion  of  works.  New  York  State  has  proposed  to  construct  stor¬ 
age  reservoirs  and  other  works  and  lease  them  to  private  oper¬ 
ators.  The  Province  of  Ontario  has  constructed  and  is  operating 
transmission  and  distribution  lines  and  is  purchasing  electric 
power  and  selling  it  at  cost  to  the  municipalities  of  the  Province. 
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Practically  all  forms  and  degrees  of  regulation  are  exor¬ 
cised  within  some  one  of  our  States — from  no  regulation  under 
perpetual  franchises  on  the  one  hand,  to  ownership  and  opera¬ 
tion  on  the  other.  The  unsatisfactory  results  secured  bv  local 

V  V 

legislative  bodies,  by  suits  at  law,  by  multiplication  of  admini¬ 
strative  agencies,  have  brought  about  a  strong  movement  toward 
a  single  state  administrative  board  clothed  with  the  power  to 
regulate  rates,  service,  capitalization  and  equipment  of  all  public 
utility  corporations.  The  example  set  by  such  commissions  in 
New  York,  Wisconsin  and  California  will  soon  be  followed  by 
the  remaining  states.  The  unification  of  power  thus  brought 
about  tends  toward  efficiency  and  economy  and  makes  for  con¬ 
tinuity  of  policy. 

Mr.  Knowles  in  his  paper  referred  to  the  California  Com¬ 
mission.  This  is  of  special  interest  because  it  is  one  of  the  latest 
of  the  state  commissions  and  because  it  is  clothed  with  the  broad¬ 
est  powers.  Its  findings  on  questions  of  fact  and  its  decisions 
based  thereon  are  not  subject  to  judicial  review.  In  this  respect 
it  is  in  a  far  better  position  to  do  effective  work  than  the  New 
York  Commission,  an  appeal  from  whose  decisions  is  practically 
a  suit  de  novo.  Appeals  to  the  State  Court  under  the  California 
law  can  be  taken  only  on  questions  of  law  on  the  ground  that 
the  Commission  has  exceeded  its  lawful  authority,  or  that  the 
order  made  violates  the  rights  of  the  petitioner  under  the  con¬ 
stitution  of  the  State  or  the  United  Staes.  Moreover,  such  ap¬ 
peals  as  well  as  all  other  judicial  actions  affecting  the  Commis¬ 
sion  or  its  orders'  must  be  taken  directly  to  the  Supreme  Court, 
with  the  result  that  all  the  usual  delays  in  the  lower  courts  and 
courts  of  first  review  are  eliminated.  This  commission  has  been 
in  operation  about  two  years.  There  had  been,  it  is  true,  prior 
to  1910,  a  so-called  Railroad  Commission  in  the  State,  but  its 
chief  duty  appears  to  have  been  to  sign  pay-rolls.  The  new 
commission  in  the  single  month  of  October  of  this  year  rendered 
more  decisions  and  did  more  real  business  than  the  old  commis¬ 
sion  in  the  thirty  years  of  its  existence. 

If  considerations  of  public  revenue  are  excluded,  there 
remain,  as  I  conceive  it,  but  two  reasons  why  from  the  point  of 
view  of  the  public  there  should  be  any  regulation  at  all.  These 
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reasons  are  to  secure  adequate  service  and  to  provide  reasonable 
rates.  Adequate  service  means  that  you  get  what  you  want  in 
the  form,  at  the  place  and  at  the  time  that  you  want  it.  A 
reasonable  rate  is  not  so  easily  defined.  It  ought  not  to  be  more 
than  the  value  of  the  service  rendered  or  more  than  the  cost  at 
which  the  users  in  any  given  locality,  either  individually,  by 
association  or  by  incorporation — either  public  or  private — could 
under  average  conditions  secure  for  themselves  the  same  or 
equivalent  service,  plus  such  amount  in  addition  to  cost  as 
would  be  necessary  to  induce  capital  to  invest  in  the  enterprise. 
I  believe  there  is  no  place  for  any  provision  in  any  legislation 
affecting  public  utilities  that  will  not  tend  directly  or  indirectly 
toward  betterment  of  service  or  reduction  of  rates. 

There  are  two  features  in  particular  which,  on  account  of 
their  bearing  upon  both  service  and  rates,  I  believe  should  be 
strongly  emphasized  in  any  public  utility  legislation.  These  are 
the  form  and  term  of  franchise  and  the  elimination  of  what  is 
usually  called  the  “unearned  increment.” 

If  we  eliminate  from  consideration  the  perpetual  franchise, 
a  franchise  may  be  granted  for  a  fixed  term,  for  a  fixed  term 
with  option  for  renewal,  or  for  an  indeterminate  term.  If  the 
franchise  is  for  a  fixed  term,  the  shorter  such  term  is  the  higher 
will  be  the  interest  and  discount  rates  on  the  capital,  the  greater 
will  be  the  excess  of  capital  cost  over  actual  cost,  and  conse¬ 
quently  the  higher  will  be  the  annual  percentage  that  capital 
charge  will  bear  to  all  other  charges.  Moreover,  a  fixed  term 
franchise  will  require  the  amortization  of  the  capital  cost  during 
the  term  of  the  franchise,  and  the  shorter  the  term  the  greater 
the  annual  amortization  charge.  Both  of  these  features  of  a 
fixed  term  franchise  tend  to  increase  rates  without  any  equiva¬ 
lent  public  advantage:  The  only  public  advantage,  in  fact, 
which  the  fixed  term  franchise  has  is  that  something  must  be 
done  when  the  franchise  expires.  This  consideration  predicates 
at  the  start  that  your  legislative  or  administrative  authority  is 
not  performing  its  duty.  A  renewable  term  franchise  is  merely 
equivalent  to  a  longer  fixed  term,  unless  successive  renewals 
may  be  made  indefinitely.  Such  a  franchise  is  subject  to  the 
same  objections  in  kind  as  the  fixed  term  franchise,  but  in  de- 
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gree  the  objections  are  as  much  less  as  the  aggregate  term  is 
longer.  Under  both  of  these  forms  of  franchise,  as  the  termina¬ 
tion  of  the  franchise  or  its  extension  approaches,  improvements 
to  plant  will  be  neglected  on  account  of  the  practical  impossi¬ 
bility  of  amortizing  the  cost  of  the  necessary  improvements  in  a 
few  years’  time.  The  inevitable  result  is  deterioration  of  plant 
and  impairment  of  service  with  no  compensating  public  ad¬ 
vantage. 

A  franchise  which  is  indeterminate  in  its  duration  so  long 
as  the  laws  and  the  conditions  of  the  franchise  are  observed,  or 
until  the  state  or  municipality  or  some  other  public  corporation 
shall  take  over  the  franchise  and  the  works  constructed  there¬ 
under  at  a  reasonable  valuation  for  the  latter,  furnishes  full 
security  to  the  capital  invested  and  supplies  the  best  conditions 
for  securing  adequate  service  and  reasonable  rates.  The  chief 
advantage,  however,  from  a  public  standpoint,  of  the  indetermi¬ 
nate  franchise  is  that  the  franchise  as  such  has  no  valuation 
which  can  be  capitalized  for  purposes  either  of  rate  fixing  or  of 
sale,  because  the  franchise  together  with  the  physical  property 
may  be  taken  over  at  any  time  by  the  state  or  the  municipality. 
This  feature  of  the  indeterminate  franchise  also  tends  toward 
lessening  rates. 

The  reservation  for  the  public  of  the  “unearned  increment” 
is  especially  important.  The  increase  in  value  of  the  utility 
property  due,  not  to  expenditures  by  the  public  utility  itself, 
but  to  the  increase  of  business  which  is  a  result  of  the  increase 
of  population  and  of  general  industrial  development,  ought  not 
to  appear  in  the  capital  account  as  a  proper  quantity  upon 
which  rates  may  be  earned  or  as  a  proper  matter  for  valuation 
in  a  sale  to  a  state  or  municipal  corporation.  This  increment 
in  property  value  can  be  kept  out  of  the  capital  account  only 
by  the  provision  of  uniform  systems  of  accounting  with  adequate 
supervision  of  accounting  practice.  The  method  employed  in 
the  settlement  of  the  Chicago  traction  dispute,  where  a  capital 
value  at  the  time  of  settlement  was  agreed  upon  and  where  sub¬ 
sequent  additions  to  capital  account  represented  only  moneys 
actually  expended  under  competent  supervision,  is  an  instance 
in  point. 
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The  principle  has  its  most  important  application,  however, 
when  public  properties  themselves  are  involved,  as  water  rights 
or  lands.  In  this  respect  the  Western  States  have  the  advantage 
of  the  Eastern.  Your  water  rights  with  few  exceptions — notably 
Maine  and  Massachusetts — are  private  property  and  attached 
to  the  land,  that  is,  are  riparian  rights.  In  the  West,  the  use 
of  water  is  considered  a  public  use  and  even  in  some  states  the 
water  right  is  considered  as  the  property  of  the  state.  Es¬ 
pecially  in  those  western  states  which  are  semi-arid,  the  water 
rights  are  entirely  separate  from  the  land  and  can  be  secured 
apart  therefrom  by  an  act  of  appropriation  under  the  forms- 
of  state  law.  Hence,  these  western  states  may,  if  they  desire, 
lease  instead  of  give  away  these  valuable  wTater  rights  and 
thereby  keep  out  of  the  capital  account  of  their  public  utilities 
not  only  the  increased  value  of  their  water  rights  but  the 
original  value  as  well.  The  same  is  true  of  the  public  lands, 
and  the  chief  purpose  of  the  Federal  Government  in  its  present 
system  of  leasing  these  lands  for  water  power  purposes  is  to 
retain  for  the  public  the  original  and  increment  of  value  of 
these  lands  and  to  prevent  their  capitalization  for  purposes  of 
either  rate  making  or  sale. 

In  this  whole  question  the  point  of  view  of  the  public  is 
naturally  diametrically  antagonistic  to  the  point  of  view  of 
capital.  The  public  desires  low  rates,  capital  desires  high  profits ; 
but  if  either  party  goes  too  far  it  defeats  its  own  ends.  If  you 
decrease  the  rates  so  far  that  capital  can  not  earn  a  profit,  you 
get  no  capital  to  invest  in  the  business.  If  capital  keeps  the 
rates  too  high,  the  public  will  not  buy  and  there  will  be  no 
income.  Somewhere  between  these  two  conflicting  interests  there 
is  a  point  of  equilibrium,  and  it  is  the  duty  of  every  one  who 
is  interested  in  the  subject  or  who  has  any  public  relation  to  it 
to  attempt  to  find  that  point  of  equilibrium.  This  is  the  duty 
of  your  public  utility  commissions — mot  to  act  as  advocates  of 
the  people  or  of  capital,  but  as  judges  between  them.  Unless 
you  have  serving  on  your  commissions  men  of  sufficient  knowl¬ 
edge,  capacity,  integrity  and  courage  to  take  this  point  of  view, 
even  your  public  utility  commissions  will  be  a  failure. 
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Mr.  J.  B.  Ayers:*  I  learn  from  the  paper  of  the  evening 
that  the  Flood  Commission  is  contemplating  a  dam  on  the  You- 
ghiogheny  in  Maryland  and  Col.  Roberts  says  he  thinks  there 
ought  to  be  two.  The  first  survey  the  national  government  ever 
made  insofar  as  the  conservation  of  the  water  rights  of  any 
portion  of  the  United  States  was  made  on  the  Youghiogheny 
valley  and  they  had  a  site  that  would  store  22  000  000  000  gal¬ 
lons  of  water,  that  would  give  approximately  a  normal  flow  of 
100  000  000  gallons  a  day.  And  there  are  times  in  the  dry 
season  when  that  river  has  flowed  only  150  cu.  ft.  a  second  or  a 
little  over  10  000  000  per  day.  Referring  to  the  canalization  of 
that  river  and  assuming  that  we  have  1  000  000  gallons  on  an 
average  lockage,  ten  lockages  a  day  would  take  more  than  the 
normal  flow  of  the  river.  There  are  periods  on  the  Monongahela 
river  when  the  lockages  exceed  the  normal  flow  of  the  river. 
With  32  thousand  million  gallons  that  can  be  impounded  up 
there  imagine  what  that  would  be  in  years  when  we  have  had 
floods.  The  Youghiogheny  has  been  pronounced  the  worst  stream 
in  the  United  States  both  in  relation  to  volume  and  violence. 
We  have  had  to  deal  with  that  question  as  a  municipality  and 
we  know  it  is  the  worst  because  it  is  the  most  expensively  treated 
water  in  the  United  States  or  any  other  country. 

If  we  had  the  water  kept  up  the  river  and  delivered  to  us 
at  a  normal  flow  of  10  000  000  gallons  a  day  there  ought  not  to 
be  that  high  degree  of  acidity  or  alkalinity  that  obtains  now  at 
certain  times  of  the  year.  This  is  one  of  the  greatest  and  most 
important  things  we  have  to  consider  in  this  great  common¬ 
wealth  of  Pennsylvania.  The  precipitation  is  no  greater  today 
than  it  was,  but  the  hills  are  denuded  and  the  natural  mediums 
of  storage  and  retention  are  disappearing  and  artificial  methods 
must  be  substituted. 

Mr.  C.  A.  Finley  :t  There  are  two  or  three  questions  in 
the  flood  proposition  which  I  do  not  think  belong  there,  or  should 
be  involved  in  it,  because  in  taking  them  into  consideration  we 
overlook  the  fact  that  they  need  separate  consideration  and  we 
cannot  get  results  unless  we  give  them  separate  treatment.  That 
is  the  question  of  acid  content  and  the  question  of  sewage  dis- 

♦Water  Commissioner,  McKeesport,  Pa. 

•^Superintendent,  Bureau  of  Water,  City  of  Pittsburgh. 
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posal  in  the  city  proper.  If  we  increase  the  uniform  flow  of  the 
Monongahela  river  three  or  four  times  all  the  year  around  we 
will,  probably  have  free  acid  in  the  water  and  we  will  have  to 
provide  some  means  of  eradicating  it.  It  is  not  so  bad  in  the 
Allegheny  river,  but  even  supposing  the  Kiskiminetas  river  flow 
is  increased  as  contemplated,  I  believe  it  would  still  be  possible 
to  get  acid  water  in  the  Allegheny  occasionally. 

The  acid  water  proposition  is  largely  traceable  to  coal  mine 
drainage.  So  that  in  consideration  of  the  flood  proposition  we 
should  not  load  it  up  with  that.  The  other  question  is  sewage 
disposal.  A  uniform  flow  of  water  in  the  river  would  undoubt¬ 
edly  postpone  the  time  when  the  Allegheny  river  as  an  open 
stream  will  become  a  nuisance.  But  I  cannot  see  that  it  has  any 
relation  to  the  actual  treatment  of  sewage  or  to  a  city  purifica¬ 
tion  process  which  applies  itself  to  the  sewage  of  the  city  and 
which  bears  no  relation  to  the  water  in  the  river.  Sewage  treat¬ 
ment  in  the  city  of  Pittsburgh  would  be  the  same  proposition 
whether  the  Allegheny  river  was  an  absolutely  pure  stream  or 
the  most  polluted  stream  in  the  world. 

Mr.  G.  S.  Davison  It  is  very  difficult  to  follow  Col.  Rob¬ 
erts  in  his  condemnation  of  the  Flood  Commission  and  one  will 
not  be  able  to  give  his  discussion  proper  consideration  until  it 
is  published  and  we  can  sit  down  and  read  it  and  consider  it  at 
length.  But  if  his  arguments  are  all  profound  as  one  of  them 
that  I  noticed  I  am  afraid  they  are  rather  weak.  He  speaks  of 
that  place  where  half  the  capacity  of  the  dam  is  used  for  flood 
control  and  half  for  power  as  he  understands  it.  Now  I  know 
a  little  about  that  report  and  I  think  there  is  nothing  of  the  sort- 
in  it.  At  the  time  the  Flood  Commission  protested  very  vigor¬ 
ously  before  the  Water  Supply  Commission  of  the  state  against 
approving  the  charter  for  the  companies  which  desired  to  create 
a  water  power  up  the  Clarion  River  the  proposition  was  made  to 
the  Commission,  that  the  assets  for  flood  control  were  empty 
reservoirs  and  the  asset  of  water  power  companies  was  full  reser¬ 
voirs.  I  am  not  quite  so  favorable  to  the  proposition  of  bring¬ 
ing  together  these  two  questions  of  flood  control  and  water 
power  as  some  of  the  members  of  the  Commission.  While  they 

♦President,  Gulf  Refining  Co.,  Pittsburgh. 
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think  the  two  can  be  brought  together,  I  do  not  believe  they  can 
be  brought  together  in  a  single  construction,  and  of  the  two  I 
think  the  water  power  proposition  of  the  least  moment  to  the 
people  of  the  state  of  Pennsylvania.  That  is  to  say  with  the 
proposition  that  dams  should  be  built  for  flood  control  there 
should  be  just  as  much  emptiness  behind  the  dam  as  you  can 
possibly  provide  for.  The  opposite  of  that  is  true  if  you  want 
to  make  use  of  the  water  for  power  purposes. 

Just  as  Mr.  Merrill  took  his  seat  he  gave  the  requisites  of  a 
public  service  commission.  There  is  one  that  he  omitted  and  I 
believe  it  more  important  than  any  he  mentioned.  That  is  the 
commission  should  have  moral  courage.  I  think  that  is  very 
important  and  I  believe  he  will  agree  with  me.  I  am  a  great 
believer  in  public  service  commissions  and  I  think  they  are  the 
proper  bodies  to  conserve  for  the  people  those  things  which 
belong  to  them.  I  agree  that  while  the  people  ought  to  have 
reasonable  rates,  but  I  do  not  think  the  system  of  obtaining 
them  through  the  courts  is  the  proper  thing.  I  am  sorry  to  see 
that  one  of  the  things  that  some  courts  lack  is  moral  courage. 
I  believe  a  commission  would  have  the  greater  moral  courage 
because  they  would  be  a  little  farther  away  from  the  people 
themselves  who  formed  the  issue  and  they  would  be  in  a  better 
position  to  look  fairly  and  squarely  at  both  sides.  When  these 
questions  are  tried  in  a  court  of  equity  the  questions  involved 
are  always  so  much  clouded.  The  attorney  on  one  side  is  always 
objecting  to  the  evidence  that  the  attorney  offers  because  it  is 
irrelevant  and  immaterial,  and  the  court  sustains  the  objection. 
And  when  they  are  done  and  the  court  undertakes  to  review 
what  has  been  put  before  him,  all  the  good  things  have  been 
kept  out  of  the  case  because  somebody  thought,  who  did  not 
know  anything  about  it,  that  they  were  irrelevant  and  imma¬ 
terial  to  the  case. 

A  public  service  commission  that  will  take  hold  of  these 
matters  will  not  be  bound  by  the  tight  rules  of  court  but  they 
will  investigate  into  everything  that  is  involved.  It  may  seem 
to  be  irrelevant  but  they  will  go  on  and  investigate  and  see 
whether  it  is  or  not.  The  court  does  not  take  time  to  learn 
whether  it  is  irrelevant  or  not  but  simply  decides  that  it  is  irre- 
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levant.  They  do  not  get  all  they  should  have,  they  do  not  have 
time  and  will  not  take  time  to  investigate  these  things.  More 
than  that  they  are  versed  in  the  law  but  not  in  these  practical 
things  that  should  enter  into  the  question  of  whether  the  public 
are  being  served  properly  by  the  public  corporations  and  the 
rights  of  both  are  being  protected. 

Mr.  W.  G.  Wilkins:  In  the  line  of  Mr.  Davison’s  remarks 
I  want  to  call  your  attention  to  some  remarks  I  heard  at  a  dinner 
the  other  day  in  regard  to  public  service  corporation  legislation, 
made  by  Mr.  E.  M.  Bigelow.  He  said  that  38  amendments  to 
the  constitution  out  of  42  which  the  state  of  Ohio  adopted  re¬ 
ferred  to  public  service  corporations.  And  as  I  understood  his 
statement  part  of  the  amendments  were  to  this  effect  that  when 
the  people  of  any  town  thought  they  wanted  any  public  service 
utility,  water  works,  street  railroads,  all  they  had  to  do  was  to 
go  before  the  judge  and  have  the  judge  appraise  the  plant  and 
then  the  treasurer  of  the  municipality  would  make  out  a  check 
for  the  amount,  give  it  to  the  president  of  the  company  and  say 
‘ 1  Here  is  the  check  for  your  plant.  ’  ’  It  occurred  to  me  that  that 
is  one  of  the  best  ways  to  prevent  any  public  service  utility  in 
Ohio  being  built  up  by  private  capital. 

Mr.  C.  E.  Curtis:*  I  have  had  no  opportunity  to  study 
this  paper  so  am  not  in  a  position  to  discuss  it,  but  on  the  gen¬ 
eral  principles  of  flood  preventions  by  use  of  storage  dams  I 
heartily  agree  with  Mr.  Kmowles. 

I  have  lived  in  Johnstown  for  the  past  ten  or  twelve  years 
and  although  not  there  at  the  time  of  the  great  flood,  have  seen 
some  pretty  high  water,  so  high  that  the  streets  were  flooded. 
Most  of  this  trouble  is  caused  by  Stony  Creek  which  flows 
through  the  town  from  the  South.  It  joins  the  Little  Conemaugh 
in  the  center  of  the  city,  and  eventually  their  waters  reach  the 
Allegheny  through  the  Kiskiminetas.  The  Little  Conemaugh 
seldom  gets  out  of  its  banks.  Stony  Creek  raises  very  rapidly 
at  times.'  The  speaker  has  known  it  to  rise  from  a  normal  height 
of  two  or  three  feet  to  eighteen  feet  in  six  or  eight  hours.  A 
13  ft.  stage  is  considered  danger  line.  The  creek  has  a  drainage 
area  above  the  town  of  406  square  miles. 

♦Civil  Engineer,  Cambria  Steel  Company,  Johnstown,  Pa. 
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On  a  tributary  of  the  stream  14  miles  south  of  Johnstown 
the  Quemahoning  Dam  is  just  being  completed  which  will  prob¬ 
ably  have  some  effect  on  the  high  water  in  Stony  Creek.  A 
picture  of  the  dam  during  construction  was  shown  on  the  screen 
tonight  by  Mr.  Knowles. 

This  dam,  which  has  a  watershed  above  it  of  92  square  miles, 
will  empound  1  460  000  000  cu.  ft.  of  water  and  has  an  area 
at  spillway  level  of  900  acres. 

The  structure  will  be  used  strictly  as  a  storage  proposition 
but  even  at  that  with  such  a  large  storage  capacity  and  controll¬ 
ing  over  20  percent  of  the  watershed  of  the  whole  Stony  Creek 
drainage  area  above  Johnstown  it  seems  probable  that  this  dam 
will  have  some  influence  on  the  high  water  in  Stony  Creek  at 
Johnstown. 

There  is  another  dam  near  Johnstown  known  as  the  Hincks- 
ton  Run  which  has  been  built  several  vears,  but  of  onlv  one-tenth 
the  capacity  and  drainage  area  of  the  Quemahoning.  The  water 
consumed  is  used  in  the  Cambria  Steel  Company’s  works  and  it 
is  operated  strictly  as  a  storage  proposition  for  commercial  pur¬ 
poses  with  no  thought  of  flood  prevention,  yet  the  effect  on  high 
water  in  the  stream  is  quite  marked. 

This  is,  of  course,  an  exceedingly  small  proposition  com¬ 
pared  with  the  Pittsburgh  district,  but  what  is  true  with  this 
dam  when  not  operated  with  a  view  toward  flood  prevention 
indicates  what  might  be  developed  in  a  larger  way  if  the  main 
object  were  for  that  purpose. 

Mr.  William  Ren  kin  :*  Being  a  stranger  to  most  of  you, 
but  recently  having  been  in  charge  of  a  project  that  included 
some  water  storage  reservoirs  in  a  country  a  long  way  from  here, 
to  start  which  or  to  find  out  about  the  best  way  to  do  same  I 
had  to  go  over  nearly  a  hundred  different  projects,  ranging  in 
size  from  the  small  village  dam  of  only  a  few  feet  high  to  one 
about  sixty  feet  high  by  about  a  half  mile  long.  Our  project 
was  on  a  river  of  a  minimum  flow  of  10  cubic  feet  per  second, 
with  a  flood  flow  of  about  3000  cubic  feet  per  second.  We  had 
dry  weather  for  about  eight  months  of  the  year  and  continuous 
rain  for  about  three  months.  The  project  was  to  store  water  to 

♦Civil  Engineer,  Pittsburgh,  Pa. 
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carry  over  this  dry  season  and  supply  enough  not  only  for  the 
works  but  also  to  give  each  person  in  the  area  we  controlled  a 
minimum  average  of  fifty-two  gallons  per  day.  This  is  the 
average  used  in  London,  as  they  count  on  about  250  gallons  per 
day  for  the  average  family.  We  adopted  this  figure  although 
we  thought  it  was  high,  and  in  the  face  of  the  exhaustive  report 
of  the  Calcutta  commission  who  only  use  an  average  of  33  gal¬ 
lons  per  capita. 

What  I  want  to  speak  of  is  the  regulation  we  were  up 
against.  According  to  the  law  of  that  district  we  had  to  in¬ 
crease  the  minimum  flow  in  the  river  below  our  project  about  50 
percent  in  the  low  water  and  an  average  of  nearly  four  times 
during  the  entire  dry  season.  That  is  for  the  advantage  given  us 
in  permission  to  build  the  project  we  were  placed  under  guaran¬ 
tee  of  supplying  at  no  time  less  than  50  percent  more  than  the 
low  water  flow  of  the  river. 

This  required  really  three  projects ;  two  of  which  are  already 
complete  and  the  third  will  most  likely  be  taken  in  hand  during 
the  next  cold  season.  The  first  project  consists  in  a  low  dam  of 
concrete  about  1200  feet  long  running  diagonally  across  the 
river  with  an  average  height  of  about  five  feet  above  low  water. 
This  is  to  form  a  shallow  lake  and  at  the  same  time  protect  the 
pump  house  intake.  The  second  was  to  construct  a  dam  form¬ 
ing  a  storage  reservoir  at  the  works  for  cooling  purposes  and  as 
an  emergency  supply.  This  dam  was  built  of  earth  following 
the  usual  methods  of  construction  in  the  eastern  countries  and  is 
about  4500  feet  long,  57  feet  high  at  center,  10  feet  wide  on  top, 
with  a  maximum  base  width  of  240  feet.  The  reservoir  thus 
formed  covers  an  area  of  63  acres  during  ordinary  weather  and 
a  maximum  flood  of  about  90  acres.  I  would  like  to  also  mention 
that  in  the  east  there  are  many  large  projects  of  this  nature 
including  dams  of  all  kinds  and  as  many  of  them  have  been  in 
use  for  centuries  there  can  be  no  danger  in  a  dam  properly 
built. 

The  third  project  is  of  course  the  largest  and  all  prelimi¬ 
nary  work  has  already  been  done  including  necessary  survey 
and  plans,  although  its  type  has  not  as  yet  been  decided  on. 
This  will  consist  of  a  dam  about  100  feet  high  and  900  feet  long,. 
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having  its  toe  and  discharge  point  about  145  feet  above  the  low 
water  level  of  the  river.  The  water  from  the  reservoir  formed 
by  this  dam  will  be  carried  along  an  open  channel  running  along 
the  edge  of  the  mountain  and  emptying  into  the  river  at  a  point 
above  the  intake  dam.  The  gates  on  this  dam  will  be  electrically 
controlled  from  the  works  so  that  no  waste  will  occur.  This 
reservoir  will  cover  an  area,  or  form  a  lake  of  about  six  miles 
long  by  about  a  half  mile  wide.  The  reason  for  this  third  pro¬ 
ject  being  that  sometimes  it  does  not  rain  for  two  years  and  the 
additional  storage  is  necessary  to  provide  against  this  condition 
and  always  be  able  to  comply  with  the  given  guarantee.  As  the 
question  of  flood  reduction  and  storage  came  up  also,  the  Gov¬ 
ernment  agreed  to  build  sufficient  dams  to  reduce  the  flood  level 
about  seven  feet  and  to  also  arrange  for  storage  at  the  head¬ 
waters.  These  dams  are  now  under  way  and  will  also  be  used 
for  irrigation  purposes  as  well. 

Mr.  L.  P.  Blum  :*  A  case  has  come  under  the  notice  of 
many  of  the  engineers  connected  with  this  Society  in  the  last 
year  or  so,  which  illustrates  the  looseness  of  our  laws  with  ref¬ 
erence  to  public  service  corporations : 

Some  five  years  ago  the  Pennsylvania  Railroad  built  in 
the  Indian  Creek  Valley  in  Somerset  County,  a  reservoir  of  some 
hundreds  of  millions  of  gallons  capacity  to  supply  its  entire 
western  system.  In  addition  this  reservoir  supplied  a  good  many 
towns  along  the  line  of  the  P.  R.  R.  during  times  of  drought. 
After  its  construction,  coal  mining  developments  were  begun 
along  this  water  shed  and  the  conflict  of  rights  between  the 
water  company  and  the  coal  companies  is  now  a  matter  of  issue. 
It  is  not  my  purpose  to  attempt  to  state  what  the  rights  of  each 
company  should  be,  but  this  point  is  evident;  that  there  is  a 
possible  method  of  successfully  operating  both  the  coal  com¬ 
panies  and  the  water  companies  as  well.  It  is  entirely  possible 
to  construct  a  drainage  ditch  which  would  intercept  the  mine 
water  and  prevent  it  from  contaminating  the  water  supply. 

But  there  is  not  sufficient  legal  power  vested  in  the  water 
company  to  allow  it  to  construct  such  a  ditch,  even  at  its  own 
expense;  nor  could  the  water  company  compel  the  mine  owners 

♦Assistant  Engineer,  W.  G.  Wilkins  Company,  Westinghouse  Building, 
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to  use  it  after  it  was  constructed.  The  coal  companies  relying 
upon  a  decision  of  the  State  Supreme  Court  rendered  fifty  years 
ago,  when  conditions  were  decidedly  different,  claim  the  right 
to  empty  their  mine  drainage  into  any  of  our  streams  regardless 
of  any  consequences  which  may  arise. 

Mr.  J.  P.  Leaf:*  It  seems  to  me  we  do  not  appreciate  the 
value  of  the  water  we  have  in  Western  Pennsylvania.  It  is 
a  large  supply.  Just  to  illustrate.  One  improvement  of  the 
government  is  the  building  of  dams  in  the  Ohio  between  Pitts¬ 
burgh  and  Beaver.  They  probably  could  be  rebuilt  for  four 
or  five  million  dollars.  Just  that  investment  of  the  government 
has  brought  new  manufacturers  into  the  Ohio  valley  of  at  least 
thirty  to  fourty  millions,  four  or  five  times  the  actual  cost  of  the 
construction  of  the  dams.  The  city  of  Youngstown  is  I  under¬ 
stand  now  spending  $11  000  000  to  get  enough  water  to  tide  them 
over  the  low  water  season.  They  actually  use  the  water  that 
goes  past  the  city  now  three  times  according  to  the  report  of  the 
State  Board  of  Health.  I  did  not  realize  until  I  heard  this  ex¬ 
cellent  paper  what  could  be  done  by  the  expenditure  of  money 
in  darning  back  and  controlling  floods. 

CORRESPONDENCE 

Mr.  W.  C.  Hawley  :f  The  question  of  the  regulation  of 
public  utilities  is  now  so  new  that  few  engineers  have  an  ade¬ 
quate  conception  of  it,  and  to  the  great  mass  of  people,  the  ex¬ 
pression  conveys  little  or  no  meaning  except  that  it  is  some 
new  plan  by  which  the  service  of  our  railroads,  gas,  electricity, 
water,  telephone  and  other  utilities  is  to  be  improved  and  rates 
reduced.  It  is  well,  therefore,  that  the  subject  should  be  dis¬ 
cussed  in  order  that  we  may  all  come  to  a  clear  understanding 
of  the  reasons  for  the  regulation,  the  methods  of  regulation  and 
the  results  to  be  obtained. 

The  regulation  of  public  utilities  marks  the  transition  from 
the  days  of  speculation  in  utility  properties  to  the  days  of  con¬ 
servative  investment.  By  regulation,  assuming  that  it  is  to  be 
just  and  intelligent,  the  tendency  toward  over-capitalization  will 
be  checked  and  through  it  the  public  will  reap  the  benefits  of 

♦City  Engineer,  Rochester,  Pa. 
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good  service  at  reasonable  rates  and  the  utility  companies  them¬ 
selves  will  be  protected  from  unfair  competition  and  the  constant 
attacks  of  local  politicians  and  others  who,  for  selfish  reasons, 
make  the  carrying  on  of  such  corporations  dangerous,  difficult 
and  expensive  not  only  to  the  utility  companies  but  to  the  public 
that  is  served. 

Why  do  we  need  regulation  ?  In  the  great  majority  of  cases, 
it  is  to  settle  disputes  brought  about  through  ignorance  or  mis¬ 
understanding  of  existing  conditions.  A  few  agitators  will  stir 
up  a  whole  community  over  a  matter  which  a  little  tact  and  the 
exercise  of  common  sense  would  readily  have  adjusted.  As  a 
rule,  the  agitators  do  not  wish  an  adjustment  or  settlement  of 
the  differences.  Their  stock  in  trade,  as  politicians,  is  a  carry¬ 
ing  on  of  warfare  against  the  public  utility.  Gradually  the 
whole  community  becomes  more  or  less  affected  by  the  agitation 
and  there  is  need  of  someone  with  power  to  settle  the  dispute. 
The  following  fable  by  George  Ade  well  illustrates  what  has 
happened  in  thousands  of  communities  in  this  country : 

“The  Fable  of  the  Common  Carrier  and  the  Gratitude  of  the 

Populace.” 

Once  there  was  a  little  E-Flat  Town  that  needed  a  Direct  Com¬ 
munication  with  a  Trunk  Line.  A  Promoter  wearing  Sunday  Clothes 
and  smoking  40-cent  Cigars  came  out  from  the  City  to  see  about  it. 

The  Daily  Paper  put  him  on  the  Front  Page.  Five  Dollars  was  the 
Set-Back  for  each  Plate  at  the  Banquet  tendered  him  by  the  Mer¬ 
cantile  Association.  A  Bonus  was  offered,  together  with  a  Site  for 
the  Repair  Shops  and  the  Round  House. 

When  the  College  Graduates  in  Khaki  Suits  began  to  drag  Chains 
across  Lots,  a  wave  of  Joy  engulfed  Main  Street  from  the  Grain  Ele¬ 
vator  clear  out  to  the  Creamery. 

Then  came  10  000  Carusos,  temporarily  residing  in  Box  Cars,  to 
disarrange  the  Face  of  Nature  and  put  a  Culvert  over  the  Creek.  Real 
Estate  Dealers  emerged  from  their  Holes  and  local  Rip  Van  Winkles 
began  to  sit  up  and  rub  their  Eyes. 

One  morning  a  Train  zipped  thru  the  Cut  and  pulled  up  at  the 
New  Station.  The  Road  was  an  Assured  Fact.  The  Rails  were  spiked 
down;  the  Rolling  Stock  was  in  Commission;  Trains  were  running  ac¬ 
cording  to  Schedule. 

There  was  no  longer  any  Reason  for  Waiting,  so  the  Citizens 
hiked  over  to  the  Court  House  and  began  to  file  Damage  Suits.  The 
Town  Council  started  in  to  pass  Ordinances,  and  the  Board  of  Equaliza¬ 
tion  whooped  the  Taxes. 
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Horny-handed  Jurors  hung  around  the  Circuit  Court  Room  wait¬ 
ing  for  a  Chance  to  take  a  Wallop  at  the  soulless  Corporation. 

When  the  Promoter  came  along  on  a  Tour  of  Inspection,  the  only 
Person  down  to  meet  him  was  the  Sheriff. 

Children  in  the  Public  School  practiced  the  new  Oval  Penmanship 
by  filling  their  Copy-Books  with  the  following  popular  Catch-Line: 
“When  you  have  a  Chance  to  Soak  the  Railroad,  go  to  it.” 

And  the  Trains  never  ran  to  suit  Everybody. 

MORAL:  Go  easy  with  Capital  until  you  get  it  Roped  and  Tied.” 

The  most  frequent  cause  of  difficulty  between  public  utili¬ 
ties  and  the  communities  which  they  serve  is  an  idea  that  the 
utility  is  over-capitalized  and  is  demanding  a  return  upon  water¬ 
ed  securities.  Until  recently  it  has  been  the  policy  of  the  utility 
companies  to  keep  the  public  in  the  dark  in  regard  to  everything 
having  to  do  with  their  finances.  This  may  have  been  a  wise 
policy  in  the  past  but  undoubtedly  the  policy  of  the  future  is 
going  to  be  absolute  publicity  of  accounts.  This  will  be  one 
of  the  most  desirable  features  of  regulation. 

In  comparatively  few  cases  has  the  difficulty  between  the 
public  utility  and  the  people  been  caused  by  poor  service,  and 
in  those  cases,  the  trouble  has  been  caused,  as  a  rule,  by  the 
selling  of  a  utility  by  its  original  owners  at  a  price  based  upon 
earnings  that  did  not  take  into  account  proper  maintenance, 
depreciation,  etc.,  and  the  attempt  by  the  new  owners  to  operate 
a  property  so  acquired  and  make  money  on  their  investment. 
Under  proper  regulation,  this  sort  of  thing  would  be  made  im¬ 
possible. 

How  should  regulation  be  accomplished  ?  Obviously,  neither 
party  to  a  dispute  should  be  in  a  position  to  regulate  the  other. 
This  disposes  at  once  of  so-called  municipal  utility  commissions. 
Thus  far,  the  enforcement  of  regulation  has  been  put  in  the 
hands  of  state  commissions  with  the  exception  of  a  few  munici¬ 
palities  which  have  attempted  to  do  their  own  regulating.  The 
desirable  qualifications  for  the  members  of  such  commissions 
have  been  pointed  out  by  Mr.  Merrill,  and  the  added  qualifica¬ 
tion  named  by  Mr.  Davison,  1  ‘moral  courage”  is  also  requisite. 
We  must  have  men  of  experience  and  good  judgment,  and  these 
men  must  have  back-bone  enough  to  do  what  is  right  whether 
it  is  the  popular  thing  or  not. 
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Mr.  Merrill  has  mentioned  the  benefits  derived  by  the  public 
through  regulation  and  he  has  also  spoken  of  the  indeterminate 
franchise,  its  value  to  the  utility  company,  and  the  indirect 
benefit  received  from  it  by  the  public.  In  Wisconsin  the  public 
utility  law  not  only  provides  for  the  indeterminate  franchise 
but  provides  for  an  exclusive  franchise,  so  long  as  rates  are 
reasonable  and  service  good  and  adequate,  and  this  not  only 
benefits  the  utility  company  but  the  public  reaps  the  benefit 
of  the  lowest  possible  rates  for  the  service.  It  is  obvious  that  if 
a  community  is  served  by  a  utility  which  is  regulated  as  to  rates 
and  service,  nothing  can  be  gained  by  competition.  On  the  other 
hand,  such  a  duplication  of  capitalization  must  result  in  higher 
rates. 

B}r  the  formation  of  a  good  public  utility  commission,  work¬ 
ing  under  a  wise  act,  the  utilities  would  not  only  be  regulated 
but  protected,  protected  from  unfair  competition ;  from  the 
attacks  of  local  politicians  and  trouble  makers,  and  thereby 
relieved  from  costly  litigation,  all  of  which  will  tend  to  reduce 
the  cost  of  service  to  the  consumer.  Regulation  can  be  overdone, 
however,  as  is  seen  in  recent  legislation  in  Ohio.  There  must 
be  some  inducement  for  capital  to  invest,  a  reasonable  prospect 
of  a  fair  return  upon  the  investment  and  the  ultimate  return  of 
the  amount  invested.  Otherwise,  capital  will  seek  other  enter¬ 
prises  and  many  communities  will  have  to  go  without  the  public 
service  which  they  desire.  Wise  regulation,  on  the  other  hand, 
should  result  as  it  has  in  Wisconsin  in  the  willingness  of  capital 
to  invest  at  a  lower  rate  of  interest  because  of  the  safety  of  the 
investment  and  the  public  reaps  the  benefit  in  lower  rates. 

Regulation  is  not  going  to  result  in  a  wholesale  reduction 
of  rates.  Doubtless  some  rates  will  be  reduced  but  some  will  be 
increased.  In  utilities  performing  varied  service  there  will  be 
an  adjustment  of  rates,  some  increased  and  some  decreased,  so 
that  each  branch  of  the  business  will  earn'  itself. 

Briefly  then,  the  benefits  to  the  public  by  wise  regulation 
should  be  good  and  adequate  service  at  reasonable  rates,  and  to 
the  utilities,  protection  and  added  security  of  their  business. 
Justice  to  both  will  result  in  benefiting  both,  but  injustice  to 
either  will  result  harmfully  to  the  other. 
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Mr.  G.  M.  Lehman  :*  In  the  discussion  reference  has  been 
made  to  the  ‘‘slip  of  the  pen”  made  by  the  author  of  the  paper 
with  regard  to  the  statement  that  reservoirs  are  not  contem¬ 
plated  by  the  Flood  Commission  on  the  main  or  navigable  rivers. 
The  stream  in  question  is  the  upper  Allegeny  River  and  it  may 
be  said  in  this  case  that  a  serious  slip  has  not  been  made,  as  in 
fact  so  far  as  real  modern  navigation  is  concerned,  the  state¬ 
ment  is  practically  true,  notwithstanding  old  Pennsylvania  laws. 
The  fact  that  the  portion  of  the  Allegheny  River  referred  to  has 
been  surveyed  indicates  nothing — it  is  natural,  with  obtaining 
American  methods,  that  many  streams  commercially  worthless 
or  of  small  value  for  navigation  uses,  have  been  surveyed.  These 
surveys,  however,  frequently  become  of  use  in  the  way  of  gen¬ 
eral  information. 

The  writer  has  been  interested  in  waterways  much  of  his 
life  and  is  particularly  friendly  to  the  Allegheny  River,  upon 
which,  in  connection  with  surveys  and  estimates  of  improve¬ 
ments  for  the  Government,  he  has  floated  with  the  current  twice, 
from  Oil  City  to  the  mouth  and  has  also  personally  examined 
for  purposes  of  river  regulation,  many  other  principal  parts  of 
the  drainage  system.  While  the  river  above  Oil  City  may  be 
called  navigable  under  Pennsylvania  laws,  the  actual  fact  is 
that  it  is  not  so  to  any  profitable  degree.  For  months  of  nearly 
every  year  boats  drawing  12  inches  cannot  pass  over  many  of  the 
numerous  shoals  and  there  are  frequent  occasions  when  six 
inches,  on  some  of  the  shoals,  would  be  the  maximum.  The 
rafting  of  lumber,  at  one  time  a  large  business,  has  been  reduced 
to  such  a  small  amount  that  it  is  hardly  worth  any  considera¬ 
tion,  which  is  likewise  the  case  with  the  floating  of  barges,  flats 
and  boat  bottoms  which,  years  ago,  were  built  in  large  numbers 
in  this  region.  A  steamboat  or  possibly  steamboats  have  navi¬ 
gated  above  Oil  City,  when  the  river  happened  to  be  in  condition 
— history  tells  of  several  or  more  trips  having  been  made. 

Concerning  the  improvement  of  the  Allegheny  River,  by 
locks  and  dams,  Major  Chas.  F.  Powell,  Corps  of  Engineers, 
U.  S.  Army,  in  his  report  of  1898,  to  the  Chief  of  Engineers, 
recommended  in  part  the  following: 

“The  slackwater  improvement  along  the  portion  of  the  river  from 
Natrona  to  Monterey  is  worthy  and  justified  .bv  the  interests  of  com- 

♦Engineer  in  Charge,  Flood  Commission,  Pittsburgh,  Pa. 
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merce;  but  the  extension  of  slackwater  from  Monterey  to  Oil  City  or 
French  Creek  is  not  now  deemed  worthy  and  will  be  justified  only 
in  the  event  of  construction  by  the  state  of  Pennsylvania  of  the  French 
Creek  canal,  and  that  the  further  extension  of  river  improvement 
above  Oil  City  is  deemed  unworthy  and  not  justified  by  the  interests 
of  commerce  at  present'  involved.” 

If  it  should  ever  be  found  advisable  to  slackwater  the  Alle¬ 
gheny  River,  above  Oil  City,  it  would  be  feasible  to  construct 
locks  at  the  proposed  dams  of  the  Flood  Commission.  At  each 
one  of  the  dams  there  could  be  two  locks,  set  tandem,  or  pref¬ 
erably  with  a  level  between  the  locks  of  several  hundred  feet  in 
length.  "With  the  latter  condition  the  lower  lock  would,  of 
course,  be  a  few  hundred  feet  downstream  from  the  dam,  and 
the  upper  lock  would  probably  have  the  greater  lift,  so  as  to 
allow  for  adjustment  to  fluctuations  of  water  surface.  The  New 
York  Barge  Canal  has  under  construction  a  number  of  high 
lifts  which  range  from  33  to  40.5  feet,  and  at  Louisville,  Ky., 
there  is  a  government  lock  having  a  lift  of  28.2  feet.  The  New 
York  Barge  Canal  locks  are  similar  in  construction  to  those  of 
our  local  rivers,  with  the  exception,  however,  of  the  highest  lift, 
where  the  gates  are  of  special  design.  For  the  Lake  Erie  and 
Ohio  River  Ship  Canal,  there' are  several  places  where  high  lifts 
are  proposed.  In  one  case  two  locks,  set  near  together,  would 
lift  55  feet.  In  making  final  plans  some  of  the  lifts  for  this 
project  will  likely  be  increased  considerably. 

i 

The  view  is  wrongly  taken  when  it  is  stated  that  the  Com¬ 
mission  inclines  towards  the  plan  of  constructing  its  reservoirs 
with  the  idea  of  keeping  them  half  full,  as  a  rule,  for  water 
power,  the  upper  half  being  available  for  flood  water.  Flood 
prevention  is  primarily  the  object  and  to  conserve  the  destructive 
portion  of  the  water  for  the  benefit  of  navigation,  municipal  and 
industrial  supply  and  also  for  water  power,  wherever  feasible. 
To  serve  the  above  purpose,  it  would  be  the  aim  to  so  manipulate 
the  storage  reservoirs  that  at  the  end  of  the  rainy  season  they 
would  be  not  less  than  half  full.  Some  of  them  would  undoubt¬ 
edly  be  nearly  or  quite  full,  all  depending  upon  weather  and 
stream  conditions. 

I  know  from  long  acquaintance  that  the  tendency  of  Mr. 
* 

Roberts  is  to  be  considerate  of  the  public  welfare  and  1  there¬ 
fore  cannot  understand  how,  in  this  particular  instance,  he  holds 
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to  old  ideas  and  favors  raising  streets  and  buildings  only,  abso¬ 
lutely  losing  sight  of  the  above  named  additional  benefits,  which 
are  now  so  broadly  recognized  as  being  of  urgent  need  to  the 
nation. 

The  Flood  Commission,  in  connection  with  reservoirs  and 
in  addition  to  the  raising  of  the  low  lands,  proposes  that  a  river 
wall,  of  reasonable  dimensions,  be  built  for  protective  and  other 
measures.  It  must  be  pointedly  stated  that  it  certainly  would 
not  be  the  purpose  to  leave  out  of  the  proposition  the  reservoir 
control  of  the  flood  waters,  as  in  this  case  one  would  frequently 
be  standing,  helplessly  and  aimlessly,  upon  the  banks  of  the 
rivers  viewing  the  absolute  wasting  of  the  water  and  continued 
destruction  to  many  unprotected  communities  and  stretches  of 
the  rivers,  in  addition  to  continued  interference  with  and  damage 
to  navigation  interests. 

The  fact  seems  to  be  ignored  that  the  reservoir  system  as 
worked  out  by  the  Flood  Commission  is  shown  to  be  surprisingly 
effective. 

Finally,  however,  in  the  criticism,  attention  is  given  to 
reservoir  treatment  and  it  is  said  that  100  small  dams  might 
be  built  within  a  radius  of  45  miles  of  Pittsburgh.  The  entire 
cost  is  assumed  at  $12  500  000.  Time  does  not  permit  going 
much  further  into  the  discussion,  but  it  is  thought  that  such  a 
system,  on  an  effective  basis  is  impracticable  on  small  creeks  of 
tributaries,  and  it  would  evidently  be  difficult  to  find  such  a 
large  number  of  favorable  sites,  within  the  area  of  country 
named.  The  matter  of  operation,  maintenance  and  cost  are 
not  given. 

The  writer  regrets  that  the  Flood  Commission  was  not  in 
existence  about  fifty  years  ago  so  that  it  could  have  readily 
brought  about  the  utilization  of  a  number  of  additional  places, 
effective  and  nearby,  which  are  now  not  available  for  reservoir 
development.  At  this  early  time  when  many  of  the  valleys  were 
thinly  settled  and  little  developed,  the  whole  proposition  was 
discouraged  partly  on  the  basis  that  adequate  and  economic 
reservoir  sites  were  not  obtainable,  and  the  strange  part  about 
it  is  that  this  idea,  although  founded  upon  practically  no  sur¬ 
vey  data,  became  more  or  less  fixed  in  some  minds.  There  are 


DISCUSSION — PUBLIC  UTILITY  AND  WATER  CONSERVATION  845 

still  a  number  of  tributaries  very  favorable  for  reservoir  uses, 
where  the  topography  is  rough  and  the  developments  of  small 
importance.  These  places  are  within  reasonable  distances  of 
Pittsburgh.  The  Commission,  however,  after  exhaustively  show¬ 
ing  the  merits  of  its  proposition  and  the  results  to  be  expected 
from  the  projects  actually  found,  surveyed,  studied,  and  men¬ 
tions  in  the  report,  additional  reservoir  site  possibilities,  but 
does  not  go  extensively  into  these  because  they  were  not  ex¬ 
haustively  considered. 

With  regard  to  the  danger  from  dams,  the  author  of  the 
paper  is  fully  aware  of  the  fact  that  they  can  be  safely  built; 
but  he  goes  too  far  in  explaining  why  there  should  be  no  real 
reason  for  fear,  he  presents  an  opportunity  for  useless  and  sen¬ 
sational  discussion  of  this  question.  These  discussions  only 
serve  in  disturbing  and  exciting  the  public  mind  and  retarding 
progress.  It  is  bad  enough  to  cope  with  groundless  objections 
and  with  spasms  of  over-wrought  nervousness  when  one  is  di¬ 
rectly  confronted  by  the  remarks  of  laymen  and  of  those  who 
are  not  acquainted  with  the  progress  and  needs  of  the  day. 

In  the  criticism,  the  idea  is  expressed  that  the  dams  of 
reservoirs  should  have  another  dam  built  immediatelv  below 
simply  to  allay  the  fears  of  the  general  public.  If  we  are  to 
have  such  little  faith  in  our  ability  to  properly  construct  the 
main  dam  how  can  we  have  any  confidence  in  the  building  of  an 
auxiliary  dam?  While  our  mind  is  working  on  what  might 
happen,  it  would  seem  quite  natural  and  consistent  to  imagine 
that  something  would  happen  to  the  lower  dam,  if  anything 
should  occur  to  the  upper  one. 

Progress  would  be  sadly  retarded  and  few  projects,  if 
any,  private,  municipal,  state  or  national  government,  could 
be  properly  financed  or  made  to  pay  if  it  were  made  obli¬ 
gatory  to  build  additional  and  useless  dams  below  every  reser¬ 
voir  constructed. 

Many  things  could  be  said  about  this  whole  matter,  but 
in  brief  the  following  thoughts  are  of  the  moment :  Assuming 
that  these  additional  dams  were  made  necessary  by  law,  they 
would  have  about  as  much  real  influence  upon  the  minds  of  the 
general  public  as  does  the  existence  of  the  guard  rail  along 
the  railroad  track  on  a  bridge,  probably  only  several  out  of  a 
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thousand  of  the  general  public  think  or  even  know  that  there  is 
such  a  thing  and  yet  hundreds  of  thousands  travel  every  few 
hours. 

One  might  just  as  well  expect  that  the  railroads  of  the 
world  be  set  in  metal  or  concrete  grooves  or  channel  ways  with 
the  attempt  of  assuring  the  traveling  public  that  trains  cannot 
leave  the  tracks ;  or  that  all  the  bridges  have  another  bridge, 
built  underneath ;  or  that  ocean  vessels,  in  case  of  disaster,  have 
another  vessel  constantly  following,  year  after  year.  We  feel 
confident  that  these  precautions  are  prohibitive,  and  also  un¬ 
necessary  because  of  the  progress  we  are  making  not  only  in 
the  science  of  engineering  but  in  adequate  protective  laws. 

The  writer,  of  course,  fully  agrees  that  every  rational  pre¬ 
caution  be  taken  for  safety,  but  has  full  confidence  in  the 
progress  being  made  in  the  engineering  profession  and  knows 
that  thousands  of  high  and  low  dams  will  be  built  in  the 
future,  with  absolute  safety,  and  that  many  have  been  built 
in  the  past  which  are  absolutely  safe — this  is  proven  by  genera¬ 
tions  of  time.  We  must  see  that  we  are  nearing  the  point 
when  practically  all  of  the  future  dams  will  be  absolutely 
safe  and  we  should  not  underrate  the  ability  of  the  engineer 
to  properly  provide  for  the  future.  In  fact  it  is  now  largely 
a  matter  of  only  providing  adequate  laws  to  enforce  proper 
design  and  inspection,  which  may  be  accomplished  by  pro¬ 
viding  the  proper  powers  for  official  departments,  such  as  the 
Water  Supply  Commission  of  Pennsylvania.  This  is  the  thing 
that  all  engineers  should  endeavor  to  bring  about,  realizing 
that  in  this  the  time  is  profitably  spent  not  only  for  themselves 
but  for  the  general  public. 

The  paper  of  Mr.  Knowles  is  a  very  valuable  contribution 
and  should  encourage  engineers  and  laymen  to  bring  about 
the  subjects  treated. 

Mr.  J.  X.  Chester:*  The  writer  was  denied  the  privilege 
of  being  present  the  night  this  excellent  paper  was  read  and 
therefore  is  ignorant  as  to  the  discussion  presented  and  for  that 
reason  may  repeat  some  things  already  on  record. 

■Commenting,  first,  on  the  defeat  of  the  recent  proposed 

♦Consulting  Engineer,  Chester  &  Fleming,  Union  Bank  Building,  Pitts¬ 
burgh. 
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bond  issue  for  beginning  of  flood  prevention  work,  we  believe 
that  had  the  bond  issue  been  made  of  sufficient  size  to  have 
completed  the  project  so  far  as  proposed,  to  wit,  the  building 
of  the  wall  and  the  changes  in  the  sewer  system  made  neces¬ 
sary  by  the  construction  of  this  wall,  that  there  would  have 
been  enough  additional  votes  cast  for  the  project  to  have  car¬ 
ried  it.  So  many  to  whom  we  talked  objected  to  voting  a 
partial  appropriation  with  the  idea  that  another  must  be  neces¬ 
sarily  asked  for  to  complete  same. 

In  dealing  with  the  broad  issue  of  the  regulation  of  public 
service  utilities  by  the  State  Commission,  the  majority  of  the 
states  that  have  adopted  this  plan,  the  recent  draft  of  the 
bill  to  be  introduced  in  the  Pennsylvania  Legislature  and  the 
author  of  this  paper,  have  all  neglected  one  of  the  most  es¬ 
sential  features  of  such  a  bill  in  order  that  it  may  be  fair; 
namely,  either  the  perpetuity  of  franchise  or  the  fixing  of  a 
time  limit  upon  franchise  and  accompanying  same  with  per¬ 
mission  to  that  utility  to  earn  not  only  a  fair  return  during 
that  period  but  sufficient  in  addition  thereto  to  return  also  the 
investment  within  the  limit  of  the  franchise. 

Cases  have  been  too  frequent  where  municipalities  either 
out  of  spite  or  the  tendency  toward  radical  Socialism  have  been 
prompted  to  parallel  or  duplicate  a  privately  owned  utility 
and  to  adopt  legislation  so  drastic  that  the  property  of  the 
public  utility  company  has  become  a  total  loss  and  it  seems 
to  be  strange  that  so  much  can  be  said  about  protection  to  pub¬ 
lic  utilities  and  still  omit  the  very  essential  of  protection,  for 
nothing  short  of  perpetuity  of  franchise  or  permission  to  earn 
during  the  life  of  same  the  fair  return  on  the  investment  and 
the  investment  can  be  termed  protection. 

We  probably  should  not  presume  to  place  our  judgment 
concerning  the  utilization  of  flood  protecting  facilities  as  power 
producting  factors  but  each  time  we  have  gotten  on  this  sub¬ 
ject,  we  have  been  haunted  by  the  expression  of  Mr.  George 
S.  Davison,  before  the  Water  Ways  Commission  wherein  he 
said  that  “The  asset  of  a  flood  prevention  utility  is  an  empty 
reservoir.  The  asset  of  a  power  producing  utility  is  a  full 
reservoir.”  While  it  has  been  and  is  here  suggested  that  the 
reservoirs  proposed  by  the  recent  report  of  the  Flood  Com- 
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mission,  can  be  so  constructed  and  as  stated,  charters  taken 
out  since  the  issuance  of  this  report  have  imposed  provis¬ 
ions  for  their  being  used  for  both  flood  prevention  and  power; 
but  has  it  been  demonstrated  by  cost  figures  that  such  a  pro¬ 
ject,  in  this  region  of  cheap  coal,  can  be  made  to  produce  a 
reasonable  return  on  the  necessary  investment?  As  to  reser¬ 
voirs  being  available  for  a  few  months  of  the  year  wholly  as 
power  producers,  we  scarcely  think,  from  an  investment  stand¬ 
point,  that  this  could  be  considered  for  a  moment  for  it  would 
mean  a  duplicate  steam  plant — and  water  power  in  this  ter¬ 
ritory  under  the  best  circumstances  has  not  a  great  deal  in 
its  favor  over  power  plant  production  and  the  burden  of  a 
duplicate  plant  would  certainly  be  prohibitive. 

While  we  believe  that  the  construction  of  such  reservoirs 
and  the  increase  they  would  afford  in  the  minimum  flow  of  our 
rivers,  would  greatly  better  our  water  supplies,  that  they 
would  save  in  the  cost  of  reagents  is  not  in  accord  with  our 
experience  which  is  that  the  lowest  cost  of  such  in  any  water 
purification  plants  of  which  we  have  knowledge  is  shown  by 
those  on  the  lower  Monongahela  River,  where  much  of  the  time 
it  becomes  necessary  to  add  but  a  trifle  in  chemicals  to  those 
already  contained  in  the  water  to  produce  splendid  results. 

Finally,  as  to  state  or  national  regulation,  in  view  of  the 
inter-state  complications,  I  rather  favor  national  regulation,  but 
not  both,  and  neither  to  the  extent  of  control  of,  or  interfer¬ 
ence  with  the  details  of  any  project.  The  generalities  are 
enough  for  any  commission  to  look  after  and  with  all,  we  must 
remember  that  our  streams  were  created  primarily  as  drainage- 
conduits  and  again  reflect,  can  we  hibernate  for  ever  our  filth 
or  must  we  adopt  the  plan  of  some  states  in  declaring  some 
streams  water  supplies  and  protect  their  purity  and  others  as 
sewers  and  license  indiscriminately  their  pollution? 

With  the  Government  Engineers  fighting  for  the  rights  of 
navigation,  the  Health  Department  for  the  purity  of  streams, 
the  manufacturing  industries,  mines  and  our  cities  for  means 
for  disposing  of  their  wastes,  a  Water  Supply  Commission 
telling  us  what  we  shall  and  shall  not  do,  all  of  which  has 
woven  a  web  around  future  possibilities  that  is  threatening 
to  strangle,  we  believe  that  all  put  in  the  hands  of  a  National 
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Water  Ways  Commission,  properly  organized  would  not  only 
save  the  country  a  vast  sum  in  the  administration  of  such  af¬ 
fairs  but  would  remove  many  of  the  complications  and  make  a 
commercial  possibility  of  many  projects  that  never  can  be 
developed  under  the  multiplication  of  Legislation  that  is  now 
going  on  in  our  state  and  national  government. 

Mr.  K.  C.  Grant  :*  The  criticism  has  been  made  in  dis¬ 
cussion  of  the  paper  that  the  author  conveys  the  idea  that  a 
public  utilities  commission  such  as  he  describes  would  entirely 
take  the  place  of  the  courts.  The  writer  is  unable  to  arrive 
at  any  such  impression  or  conclusion  from  a  reading  of  the 
paper. 

No  one  will  maintain  that  the  establishment  of  harbor 
lines  and  the  regulation  of  encroachments  along  the  banks  of 
our  navigable  rivers  by  the  War  Department  is  not  a  great 
and  a  necessary  public  service.  Yet  the  establishment  of  these 
harbor  lines,  and  the  approval  by  the  War  Department  of  works 
in  or  along  the  channels  of  those  rivers  conforming  thereto, 
does  not  give  the  legal  right  to  build  such  encroachments.  The 
applicant  for  the  permit  to  build  these  works  may  not  even  have 
a  legal  title  to  the  land  he  proposes  to  build  on,  and  may  have 
to  fight  the  matter  with  other  claimants  in  the  courts.  Or  the 
obstruction  he  erects  may  deflect  the  current  and  damage  prop¬ 
erty  on  the  opposite  side  of  the  river,  and  redress  must  be 
sought  through  the  courts. 

Without  question,  however,  such  a  commission  would  pre¬ 
vent  a  large  amount  of  litigation  through  the  study  of  the 
relation  of  proposed  to  existing  and  to  other  possible  future 
works  that  would  precede  approval  of  applications  for  charters. 
It  would  also,  in  many  cases,  fulfill  the  function  of  a  referee 
and  thus  decide  many  cases  that  would  otherwise  require 
lengthy  and  expensive  court  proceedings. 

Though  hampered  in  its  work  by  limited  powers,  the  State 
Water  Suppty  Commission  has  demonstrated  this  fact  in  num¬ 
erous  cases  since  its  creation  in  1905.  This  commission  is 
charged  with  obtaining  such  complete  knowledge  of  the  water 
resources  of  the  State  as  shall  enable  it  to  provide  for  their 

*1808  Arrott  Building,  Pittsburgh. 
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most  equitable  distribution.  It  has  power  over  the  granting 
of  charters  for  water-supply  and  water-power  companies,  but 
has  no  authority  where  the  water  is  taken  by  corporations  for 
their  own  use,  by  private  individuals,  or  by  municipalities.  Its 
effectiveness  in  carrying  out  the  purpose  named  in  the  act 
creating  it  is  therefore  considerably  restricted.  Its  jurisdiction 
should  be  widened  to  cover  all  users  of  water. 

Within  the  limits  of  its  powers,  the  Water  Supply  Com¬ 
mission  of  Pennsylvania  has  done  most  admirable  work.  There 
are  instances  where  prior  applications  for  charters  for  water¬ 
power  companies  have  been  refused  by  this  Commission  on  the 
ground  that  the  stream  involved  was  needed  for  domestic  sup¬ 
ply.  There  are  also  cases  where  applications  for  charters  for 
water  companies  for  domestic  supply  have  been  refused,  because 
they  interfered,  perhaps  purposely,  and  certainly  needlessly, 
with  proposed  water-power  projects.  If  these  applicants  had 
received  their  charters,  as  would  have  been  the  case  had  there 
been  no  State  Commission  to  examine  their  projects,  a  large 
amount  of  unnecessary  litigation  would  unquestionably  have  re¬ 
sulted. 

The  author  has  described  the  action  of  the  Water  Supply 
Commission  in  the  case  of  the  proposed  water-power  develop¬ 
ments  on  the  Clarion  River  and  Tionesta  Creek.  Had  a  simi¬ 
lar  commission  been  in  existence  in  West  Virginia,  the  plans 
of  a  large  water-power  project,  recently  chartered  and  about 
to  begin  actual  construction,  might  readily  have  been  enlarged 
and  modified,  to  the  great  advantage  of  both  the  power  com¬ 
pany  and  the  general  public. 

Reference  has  been  made  by  the  author  to  the  regula¬ 
tion  of  the  Gorlitzer  Neisse  by  means  of  storage  reservoirs  near 
Rfeichenberg,  in  Bohemia.  The  writer  has  had  occasion  to 
examine  these  and  a  number  of  similar  works  in  Europe  on  two 
occasions  during  the  past  few  years. 

The  Reichenberg  reservoirs  were  the  final  and  successful 
solution  of  the  problem  of  flood  control  along  the  valley  of 
the  Neisse.  This  stream  rises  in  Northern  Bohemia  and  flows 
northward  for  124  miles,  emptying  into  the  Oder  River  about 
15  miles  below  Crossen,  in  Prussia.  Its  valley  receives  a 
heavy  precipitation  in  its"  upper  portion,  (13.5  in.  in  24  hours 
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having  been  recorded  at  some  points),  and  lias  been  repeatedly 
devastated  by  floods;  therefore,  after  the  great  flood  of  1888, 
an  association  was  formed  to  plan  and  carry  out  the  construc¬ 
tion  of  protection  and  regulation  works,  consisting  of  widening 
and  straightening  the  channel  and  raising  and  protecting  the 
banks.  The  estimated  cost  of  these  improvements  was  so  heavy, 
and  their  probable  effectiveness  in  a  great  flood  so  doubtful, 
however,  that  practically  nothing  was  done  by  the  association, 
the  actual  work  confining  itself  to  repairing  damages  and  building 
the  bank  protections  most  urgently  needed  by  the  individual 
property  owners. 

In  July,  1897,  this  part  of  Europe  was  again  visted  by 
devastating  floods,  which  revived  public  interest  in  flood  re¬ 
lief  to  such  an  extent  that  a  convention,  in  which  all  the  neigh¬ 
boring  cities  and  towns  were  represented,  was  held  in  Reich- 
enberg  in  the  fall  of  that  year.  At  this  meeting  it  was  de¬ 
cided  to  investigate  the  feasibility  of  constructing  reservoirs  for 
flood  control.  In  January,  1901,  the  preliminary  studies  were 
sufficiently  complete  to  establish  the  general  plans,  which  con¬ 
templated  the  construction  of  six  reservoirs  in  the  neighbor¬ 
hood  of  Reichenberg,  controlling  the  run-off  from  about  29  sq. 
miles,  and  in  critical  flood  time  holding  back  about  3.530  sec.-ft. 
of  damaging  flood  discharge. 

The  result  of  the  investigations  gained  the  association 
many  new  supporters,  and  assured  the  sympathy  of  the  popu¬ 
lation  of  the  entire  valley  of  the  Neisse  with  the  project.  In 
fact,  one  of  the  most  noteworthy  features  of  this  undertaking 
is  the  widespread  interest  it  aroused  in  the  surrounding  coun¬ 
try  and  the  universal  financial  support  it  received.  Although 
all  the  reservoirs  are  located  in  Bohemia,  the  benefits,  both  in 
flood  control  and  increase  of  low-water  flow,  are  felt  by  the 
Saxon  and  Prussian  interests  along  its  lower  course,  and  these 
two  countries,  together  with  various  cities,  communities,  and 
private  interests,  co-operated  with  Bohemia  in  their  construction. 

It  is  also  of  special  interest  that  the  users  of  water  for 
power  development  from  three  of  the  reservoirs  pay  $12  per 
h.  p.,  and  from  the  other  three  reservoirs,  $28  per  h.  p.  per 
year. 
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Another  example  of  similar  co-operation  in  river  regula¬ 
tion  is  to  be  found  on  the  Wupper  River,  the  next  tributary 
of  any  size  emptying  into  the  Rhine  on  the  right  bank  above 
the  Ruhr.  It  has  a  drainage  area  of  about  240  sq.  miles,  and 
flows  through  the  thickly  populated  manufacturing  region 
around  Barmen  and  Elberfeld.  Before  the  construction  of 
reservoirs  on  its  tributaries,  the  stream  had  a  very  irregular 
discharge,  varying  between  0.05  and  90  sec.  ft.  per  sq.  mile  of 
drainage  area.  Flood  damage  was  frequent  and  considerable, 
and  the  numerous  water-power  plants  suffered  greatly  from 
low  water. 

After  long  deliberation,  an  association  for  the  construction 
of  reservoirs  in  the  drainage  area  of  the  Wupper  was  formed 
under  a  special  Prussian  act.  This  association  has  built  three 
reservoirs  on  tributaries  of  the  Wupper,  for  the  control  of 
floods  and  the  increase  of  low-water  flow.  All  water  users  be¬ 
low  these  dams  must  pay  an  annual  assessment  to  the  associa¬ 
tion. 

The  largest  stream  thus  treated  is  the  Ruhr  River,  which 
empties  into  the  Rhine  on  the  right  bank  at  Ruhrort,  in  West¬ 
ern  Germany.  This  stream  has  a  length  of  143  miles  from 
source  to  mouth,  and  drains  an  area  of  2041  sq.  miles.  It  flows 
through  the  great  industrial  region  of  Germany,  around  Essen 
and  Mulheim,  and  is  extensively  used  as  a  source  of  domestic 
and  industrial  supply  and  for  power.  The  demands  on  the 
stream  became  so  great  that  during  low  water  the  supply 
threatened  to  be  inadequate.  In  1897,  after  long  deliberation 
and  much  difficulty,  a  voluntary  association  was  formed  by  the 
users  of  the  Ruhr  water  for  the  purpose  of  improving  the  flow 
of  the  river.  The  membership  of  this  association  includes  cities, 
factories,  water-power  companies,  etc.  There  are  eleven  dams 
on  the  tributaries  of  the  Ruhr,  ten  of  which  were  built  by 
smaller  associations  of  the  water  users  on  the  respective  tribu¬ 
taries,  and  one,  now  nearing  completion,  by  the  Ruhr  asso¬ 
ciation.  These  smaller  associations  were  formed  under  a  Prus¬ 
sian  law.  After  two-thirds  of  the  water  users  below  the  pro¬ 
posed  dam  have  agreed  to  form  such  an  association,  the  other 
third  is  obliged  to  join  with  them.  The  main  association  of 
the  Ruhr,  called  the  Ruhrialsperrenverein,  was  formed  vol- 
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untarily,  without  such  a  law;  but  it  can  compel  users  of  water 
from  the  Ruhr  to  pay  into  the  association,  in  the  case  of  water¬ 
power  plants,  according  to  the  head  and  the  quantity  of  water 
used,  and,  where  water  is  taken  for  domestic  or  industrial 
supply,  according  to  the  quantity  used.  The  assessments  on 
the  members  of  the  smaller  associations  on  the  tributaries  are 
made  in  a  similar  manner.  The  main  association  of  the  Ruhr 
pays  about  $70  per  annum  per  1  000  000  cu.  ft.  of  storage  ca¬ 
pacity  of  the  reservoirs  to  each  of  the  ten  associations  on  the 
tributaries. 

As  an  instance  of  what  such  co-operation  might  accom¬ 
plish  in  the  United  States,  the  conditions  in  the  Beaver  Valley 
in  Western  Pennsjdvania  may  be  mentioned.  This  stream  drains 
about  3040  sq.  miles,  and  empties  into  the  Ohio  from  the  north 
about  25  miles  below  Pittsburgh.  It  is  extensively  used  as  a 
source  of  domestic  and  industrial  supply,  as  it  flows  through  a 
thickly-populated  manufacturing  district.  It  is  also  used  con¬ 
siderably  for  power.  On  its  upper  waters  there  is  an  ideal 
reservoir  site  where  a  low  earthen  dam  would  create  a  reser¬ 
voir  of  large  capacity,  overflowing  a  large  tract  of  useless  swamp 
land.  This  site  has  already  been  studied  as  the  source  of  feed- 
water  for  the  proposed  Lake  Erie  and  Ohio  River  Canal.  It 
has  also  just  been  carefully  surveyed  and  mapped  by  the  State 
Water  Supply  Commission,  under  a  special  appropriation  by 
the  Legislature,  for  the  purpose  of  determining  the  best  use 
of  the  site.  Here  is  an  ideal  condition  for  a  Beavertalsperren- 
verein,  which  could  be  made  up  of  the  water  users  in  the  Beaver 
Valley  and  the  Canal  Company,  with  the  possible  addition  of  the 
communities  along  French  Creek,  a  large  northern  tributary  of 
the  Allegheny,  because  of  the  flood  control  that  would  be  af¬ 
forded  by  a  second  reservoir  proposed  b v  the  Canal  Company 
on  the  north  branch  of  this  creek,  which  would  impound  the 
flood-waters  of  that  stream  and  deliver  them  through  a  canal 
into  the  reservoir  on  the  Beaver  River  head-waters. 

Another  example  of  what  might  be  done  by  such  co-ordi¬ 
nation  of  interests  is  afforded  by  the  Youghiogheny  River,  a 
stream  rising  in  northern  West  Virginia,  and  entering  the 
Monongahela  15  miles  above  Pittsburgh.  This  stream  is  used 
extensively  as  a  source  of  industrial  and  domestic  supply.  It 
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lias  several  favorable  sites  for  water-power  development.  The 
Flood  Commission  of  Pittsburgh  proposes  to  store  part  of  its 
flood  run-off  for  the  control  of  floods  and  for  the  improvement 
of  the  low-water  flow,  this  stream  being  one  of  the  chief  offend¬ 
ers  in  Pittsburgh  floods.  The  United  States  Government  pro¬ 
poses  to  slack- water  the  lower  19  miles,  to  provide  navigation 
up  to  West  Newton,  although  a  study  of  the  low-water  flow 
indicates  that  a  pool-full  stage  could  not  be  maintained  with¬ 
out  the  assistance  of  additional  water  from  storage  reservoirs 
during  dry  weather.  The  co-operation  of  all  these  interests  in 
the  construction  of  storage  reservoirs  for  the  regulation  of  the 
flow  of  this  river  would  unquestionably  be  of  great  benefit  to 
all  concerned.  It  would  make  feasible  the  development  of  a 
large  quantity  of  water  power  which  cannot  be  developed 
economically  if  the  entire  cost  of  the  storage  works  must  be 
borne  by  the  water-power  interests.  If  a  reservoir  could  be 
built  on  this  stream  above  Confluence,  where  a  number  of  fav¬ 
orable  sites  exist,  it  would  furnish  a  full-size,  working  model 
of  river  regulation  by  means  of  reservoir  control  that  would 
unquestionably  demonstrate,  as  has  so  thoroughly  been  proven 
in  Europe,  the  feasibility  and  the  great  advantages  of  this  broad 
method  of  river  improvement.  Such  an  object  lesson  would 
lead  to  the  co-operation  of  the  various  interests  involved  and 
bring  about  the  construction  of  the  other  reservoir  projects  rec¬ 
ommended  by  the  Flood  Commission. 

A  third  example  may  be  found  in  Eastern  Pennsylvania, 
where  a  large  water-power  project  in  operation  on  the  lower 
Susquehanna  River  could  greatly  increase  its  capacity  if  the 
low-water  flow  were  increased  by  storage  reservoirs  on  the 
upper  waters.  The  value  of  such  increased  flow  to  this  one 
power  plant  would  not  pay  for  the  cost  of  constructing  such 
reservoirs;  but  if  other  plants,  made  feasible  by  the  increased 
low-water  flow,  were  constructed,  and  contributed  to  the  cost 
of  the  storage*  works,  and  if  co-operation  were  also  obtained 
from  the  communities,  counties,  railroads,  and  other  interests 
damaged  by  floods,  such  a  broad  treatment  of  the  river  would 
undoubtedly  become  feasible. 

It  has  been  suggested  that  there  might  be  conflict  between 
the  interests  of  water-power  companies  and  those  of  naviga- 
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tion,  owing  to  the  desire  of  the  former  to  store  water  during 
the  night.  An  examination  of  the  records  of  the  discharge  of 
the  tributaries  of  the  Allegheny  and  Monongahela  rivers  during 
periods  of  protracted  drought  does  not  reveal  a  minimum  dis¬ 
charge  of  any  amount  that  water-power  companies  would  not 
gladly  double  by  releasing  water  from  suitable  gates  in  their 
dams  at  such  times  as  their  plants  might  be  shut  down.  The 
benefits  to  navigation  of  storage  operated  for  water-power  pur¬ 
poses  must  be  so  apparent  to  everyone  that  argument  on  that 
point  seems  unnecessary. 

The  writer  welcomes  the  suggestion  in  a  discussion  as  to 
the  supervision  by  the  national  government  of  the  construction 
of  dams  above  navigable  reaches  of  the  rivers.  Such  super¬ 
vision  by  the  national  or  state  governments,  had  it  been  in  oper- 
tion,  would  have  prevented  the  disastrous  dam  failures  that 
have  caused  apprehension  in  the  minds  of  some  people  and 
have  been  used  as  an  argument  against  the  construction  of 
storage  reservoirs  for  flood  control,  apparently  without  regard 
to  the  fact  that  hundreds  of  reservoirs  are  annually  being  built 
for  various  other  purposes  all  over  the  world.  • 

Discussion  has  also  brought  forward  the  statement  that 
three  of  the  proposed  dams,  located  on  the  upper  Allegheny 
River,  would  be  obstructions  to  navigation.  This  would  be  the 
case  if  there  were  any  navigation  or  even  navigability  to  ob¬ 
struct.  It  is  true  that  this  portion  of  the  Allegheny  is  a 
navigable  stream  according  to  Pennsylvania  laws.  So  are  dozens 
of  others  throughout  the  state,  some  of  them  rivulets  a  large 
part  of  the  year.  Turtle  Creek,  for  example,  is  a  navigable 
stream,  under  Pennsylvania  law,  up  to  the  mouth  of  Brush 
Creek.  These  laws  come  down  from  the  days  of  logging  and 
rafting,  now  at  an  end. 

The  statements  made  in  discussion  that  the  Youghioghenv 
and  Kiskiminetas  are  the  main  offenders  in  Pittsburgh  floods 
are  agreed  with  by  the  writer.  He  differs,  however,  with  the 
opinion  that  the  flood  waves  of  these  two  streams  invariably 
arrive  at  Pittsburgh  before  the  flood  peak  there,  and  that  the 
maximum  stage  is  caused  by  the  later  arrival  of  the  flood  waters 
from  the  upper  portions  of  the  basins.  x\n  analysis  of  past 
flood  records  and  a  study  of  the  time  of  movement  of  flood 
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waters  from  various  parts  of  the  basins  clearly  demonstrates  that 
the  Youghiogheny  and  Kiskiminetas  deliver  their  flood  waters 
at  Pittsburgh  at  or  near  the  critical  time  of  maximum  stage, 
and,  indeed,  are  directly  the  main  causes  of  the  heights  reach¬ 
ed.  The  flood  waters  from  the  upper  portions  of  the  basins  do 
not  reach  Pittsburgh  until  after  the  highest  stage  has  passed. 
They  prolong  the  flood,  but  they  do  not  cause  the  highest  and 
most  damaging  stage. 

In  this  connection  attention  should  be  called  to  a  marked 
inconsistency  in  the  discussion  referred  to  above,  which,  after 
expressing  doubt  as  to  the  flood  reducing  effect  of  reservoirs  lo¬ 
cated  at  any  considerable  distance  from  Pittsburgh,  later,  as 
already  stated,  claims  that  it  is  the  flood  water  from  these 
distant  regions  that  causes  the  peak  of  the  flood  at  Pittsburgh. 
As  a  matter  of  fact,  it  would  seem  to  the  writer  that  it  makes 
little  difference  which  water  forming  the  Pittsburgh  flood  peak 
is  stored,  whether  it  is  the  bottom,  or  ^“preempting”  water, 
claimed  to  come  from  the  Youghiogheny  and  Kiskiminetas,  or 
the  top  water  claimed  to  come  later  from  the  upper  regions  and 
“pile  up”  to  form  the  real  crest  of  the  flood.  The  main  point 
is  that  the  water  stored  shall  be  water  that  forms  part  of  the 
flood  wave  during  the  critical  interval  of  damaging  flood  height. 
It  does  not  matter  whether  that  water  is  at  the  bottom  or  the 
top  of  the  “pile”;  the  flood  reducing  effect  will  be  the  same. 

The  statement  made  in  one  of  the  discussions  that  the 
losses  from  evaporation  during  the  downstream  passage  of 
water  released  from  distant  reservoirs  to  increase  the  natural 
low-water  flow  would  be  considerable  is  misleading.  Brief  re¬ 
flection  will  reveal,  even  to  those  who  are  not  experienced  river 
engineers,  that  the  same  evaporation  takes  place  under  natural 
conditions;  and  may  be  even  greater,  since  the  highly  heated 
shoals  then  have  a  less  depth  of  water  over  them. 

A  reference  in  the  discussion  to  the  important  part  played 
by  the  Youghiogheny  in  the  flood  of  March,  1907,  when  it 
reached  a  stage  at  West  Newton  of  6.2  feet  above  previous  re¬ 
corded  maximum,  intimates  that,  in  the  Flood  Commission's  re¬ 
port,  the  discharge  of  the  Youghiogheny  River  used  in  esti¬ 
mating  the  effect  of  the  Youghiogheny  reservoir  in  reducing  the 
Pittsburgh  peak  is  incorrect.  This  discharge  was  obtained 
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from  actual  gagings  at  Confluence,  Pa.,  above  which  point  the 
proposed  reservoir  is  located,  and  is  correct  within  the  usual 
limits  of  accuracy  of  stream-gaging  work.  The  discharge  of  the 
Monongahela  River  at  Lock  No.  4,  and  the  flood  slopes  at  West 
Newton  or  at  Lock  No.  4  have  nothing  to  do  with  its  determina¬ 
tion.  As  a  matter  of  fact,  examination  of  the  graphical  methods 
used  by  the  Flood  Commission  in  determining  the  effect  of  the 
respective  reservoirs  in  reducing  the  Pittsburgh  peak  will  show 
that  neither  the  discharge  of  the  Youghiogheny  at  West  New¬ 
ton  nor  of  the  Monongahela  at  Lock  No.  4  have  in  any  way  been 
used.  There  are  no  reservoirs  near  these  points,  and  therefore 
no  reason  why  these  discharges  should  be  used. 

Discussion  has  also  brought  forth  the  criticism  that  the 
17  selected  reservoirs  recommended  bv  the  Flood  Commission 
include  only  one  in  the  Youghiogheny  and  two  in  the  Kiskimine- 
tas  Basin,  in  spite  of  the  fact  that  these  two  streams  are  the 
main  offenders  in  Pittsburgh  floods.  It  must  be  apparent  to 
everyone  who  has  given  thought  to  the  subject  that  the  ultimate 
criterion  for  the  selection  of  the  reservoirs  to  be  built  is  not 
lowest  cost,  nor  even  greatest  effectiveness.  It  is  both.  In  other 
words,  the  final  selection  should  be  based  on  lowest  cost  per  unit 
of  effectiveness.  This  is  the  method  that  has  been  employed  by 
the  Flood  Commission  in  choosing  the  17  selected  projects. 

It  is  gratifying  to  note  the  more  favorable  attitude  to¬ 
ward  reservoir  control  of  floods  taken  by  one  of  the  members 
in  discussion  of  this  paper.  In  a  paper  presented  before  this 
society  in  1907,  this  member,  after  calling  attention  to  the 
well-known  fact  that  every  reservoir  has  a  storage  effect  even 
after  overflow  begins,  goes  on  to  say  that,  “in  the  case  of  small 
reservoirs,  their  extra  capacity,  *  *  *  would  often  be  the  sole 
reliance  in  restraining  floods,  so  frequently  would  they  be  full 
when  the  floods  came.”  Now  he  proposes  100  small  reservoirs 
within  a  45-mile  radius  of  Pittsburgh,  and  expresses  the  opinion 
that  such  a  system  would  be  even  more  effective  than  the  sys¬ 
tem  of  17  large  reservoirs  proposed  by  the  Flood  Commission, 
which,  as  shown  in  their  report,  would  have  reduced  all  past 
floods  at  Pittsburgh  to  below  danger  line,  except  the  record  flood 
of  1907,  which  would  have  been  reduced  from  35.5  feet  to  about 
28  feet.  And  despite  his  former  attitude  that  the  expense  of 
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reservoir  construction  would  be  prohibitive,  even  if  sites  could 
be  found,  he  now  claims  that  these  100  reservoirs  could  be  built 
for  about  $12  500  000,  or  nearly  $10  000  000  less  than  the  esti¬ 
mated  cost  of  the  reservoir  system  proposed  by  the  Flood  Com¬ 
mission. 

The  Author  :  *  It  is  a  source  of  much  satisfaction  to  the 
author  that  this  paper  should  have  elicited  such  excellent  dis¬ 
cussions  from  diverse  points  of  view,  and  from  those  from  so 
widely  separated  localities.  But,  more  than  all  else,  he  is  pleased 
and  gratified  to  welcome  Colonel  Roberts  into  camp.  However 
much  the  Colonel  differs  from  the  author  and  the  Flood  Com¬ 
mission 's  Report,  in  the  views  as  to  the  number,  location  and 
cost  of  storage  reservoirs  required  to  protect  Pittsburgh  from 
floods,  the  fact  that  he,  representing  a  previously  doubting  class 
of  engineers,  implies  a  belief  that  any  system  of  reservoirs 
would  be  effective  is  so  momentous,  that  the  author  feels  this  a 
proper  occasion  to  congratulate  the  friends  of  storage  reservoirs 
on  the  acquisition  of  so  able  an  ally;  our  efforts  all  these  years 
have  indeed  not  been  in  vain.  The  other  features  of  the  dis¬ 
cussion  by  the  same  writer  have  been  so  completely  and  ably 
covered  by  Messrs.  Lehman  and  Grant  that  the  author  does 
not  deem  it  necessary  to  add  thereto. 

Mr.  Merrill  brings  us  some  interesting  helpful  suggestions, 
based  on  the  experience  in  California,  and  from  the  national 
point  of  view.  He  gives  us  a  clear  conception  of  the  different 
kinds  of  franchises,  and  of  the  reasons  for  preferring  the  in¬ 
determinate  type,  which  is  now  receiving  much  favor.  He 
expresses  some  views,  however,  from  the  general  application  of 
which  the  author  strongly  dissents. 

First,  he  states  that  a  reasonable  rate  could  not  be  more 
in  any  case,  than  that  for  which  the  municipality  could  secure 
the  same  service  for  itself,  instead  of  having  a  private  corpora¬ 
tion  to  supply  it.  This  differs  materially  from  the  commonly 
accepted  definition  of  reasonable  rates,  and  where  such  a  rate 
is  insufficient  to  pay  a  fair  return  on  a  proper  valuation  of  the 
property,  used  and  useful  in  public  service,  such  regulation 
would  appear  to  be  plainly  a  taking  of  property  without  just 
compensation  and  therefore  unconstitutional.  Where  such  con- 

*  Closure  by  Mr.  Knowles. 
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ditions  arise  that  the  rates,  sufficient  to  give  a  fair  return,  are 
more  than  those  a  municipality  could  provide  an  equivalent 
service  for,  in  spite  of  the  exercise  of  reasonable  judgment  and 
prudence  by  a  company,  which  has  made  its  investment  in  good 
faith,  there  would  seem  to  he  no  justice  in  such  a  contention. 
The  Wisconsin  Railroad  Commission  has  well  stated  the  author’s 
views  in  their  decision  in  Payne  et  al.  v.  Wisconsin  Telephone 
Co.,  4  W.  R.  C.  R.  61,  as  follows: 

“Every  effort  honestly  put  forth,  every  dollar  properly  expended, 
and  every  obligation  legitimately  incurred  in  the  establishment  of 
an  efficient  public  utility  business  must  be  taken  into  consideration  in 
the  making  of  rates  for  such  business.’, 

Mr.  Merrill  also  holds,  unless  the  author  misunderstands 
him,  that  the  increment  of  value  of  properties  held  by  public 
utilities  must  be  reserved  to  the  public,  and  it  would  necessarily 
follow  that  such  increment  ought  not  be  considered  in  a  valu¬ 
ation  for  rate-making  purposes.  This,  however,  is  contrary  to 
the  rule  established  by  the  highest  authority  in  the  count rv. 
In  Wilcox  v.  Consolidated  Gas  Co.  the  United  States  Supreme 
Court  said : 

“We  concur  with  the  court  below  in  holding  that  the  value  of  the 
property  is  to  be  determined  as  of  the  time  when  the  inquiry  is  made 
regarding  the  rates.  If  the  property,  which  legally  enters  into  the 
consideration  of  the  question  of  rates,  has  increased  in  value  since  it 
was  acquired,  the  company  is  entitled  to  the  benefit  of  such  increase. 
This  is  at  any  rate,  the  general  rule.” 

It  is  interesting  to  note  that  the  court  added,  in  this  case, 
the  following : 

“We  do  not  say  there  may  not  be  an  exception  to  it.  where  the 
property  may  have  increased  so  enormously  in  value  as  to  render  a 
rate  permitting  a  return  upon  such  increased  value  unjust  to  the 
public.” 

No  such  case,  however,  has,  so  far  as  the  author  knows,  ever 
been  decided.  Inasmuch  as  private  owners  are  allowed  the  ad¬ 
vantage  of  the  unearned  increment,  and  protected  in  their  prop¬ 
erty  right  therein,  and  inasmuch  as  depreciation  of  property 
would  certainly  be  deducted  from  valuation,  if  it  had  depre¬ 
ciated,  there  seems  no  good  ground  for  the  speaker's  contention. 
Relief  from  the  apparent  injustice  (if  it  may  be  called  such) 
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of  making  the  community  pay  a  return  on  a  value  which  its 
own  growth  has  created,  can  properly  be  expected  only  from  a 
changed  public  policy  toward  all  land  values,  and  a  new  system 
of  land  taxation,  such  as  the  ‘ 4 single  tax.” 

Mr.  Merrill's  excellent  exposition  of  the  antagonistic  de¬ 
sires  of  community  and  company  and  of  the  resultant  broad  duty 
of  a  Public  Service  Commission  to  act  as  a  fair  tribunal  be¬ 
tween  utilities  and  users  is  refreshing  in  this  day  of  strong 
partisanship.  So  also  are  Mr.  Davison's  remarks  about  the  need 
of  moral  courage  in  the  membership  of  such  a  Commission,  with 
which  the  author  heartily  agrees.  There  is  every  prospect  that 
an  excellent  public  service  bill  will  be  passed  by  the  coming 
legislature,  and  we  should  all  do  our  part  to  see  that  only  men 
with  a  generous  share  of  that  essential  quality  are  appointed. 
The  other  reference  by  Mr.  Davison  to  usefulness  of  reservoirs  for 
power  and  other  purposes,  than  flood  storage,  is  covered  in  the 
author’s  paper,  about  usefulness  during  the  eight  months  of 
the  year  when  no  dangerous  floods  occur. 

Mr.  Finley  cannot  see  the  connection  between  increase  of 
low  water  flow  and  acid  content  or  sewage  disposal.  The  paper- 
stated  that  the  acidity  would  be  reduced  by  half  in  the  Monon- 
gahela  and  it  cannot  be  disputed  that  the  difficulty  and  expense 
of  eradicating  this  content  would  be  materially  decreased  by 
such  a  reduction.  The  same  speaker  further  apparently  does 
not  recognize  that  there  is  a  method  of  disposal  of  sewage  and 
sewage  effluents  called  dilution,  although  it  has  been  in  use  in 
Pittsburgh  for  many  years.  Up  to  a  certain  point,  raw  sewage 
can  be  discharged  into  a  river  without  nuisance  or  objection, 
and  the  degree  of  oxidation  required  in  the  effluent  from  treat¬ 
ment  plants  depends  entirely  on  the  quantity  and  quality  of 
the  water  with  which  it  is  to  be  mixed.  The  quantity  of  the 
low-water  flow  of  the  Allegheny  River,  therefore,  has  a  very  im¬ 
portant  relation  to  the  elaborateness  and  expense  of  treatment 
that  Pittsburgh  will  have  to  adopt.  It  is  not  only  fair  but  im¬ 
portant,  that  these  advantages  and  all  the  correlated  benefits 
should  be  kept  in  mind,  when  discussing  flood  prevention  by 
means  of  storage  reservoirs. 

In  speaking  of  the  decision  which  has  conferred  special 
privileges  on  coal  companies,  Mr.  Blum  apparently  refers  to 
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the  Sanderson  Case,  113  Pa.  126,  which  was  reversed  in  favor 
of  the  Coal  Company,  only  after  three  decisions  favorable  to 
Sanderson  had  been  rendered  by  the  same  court.  It  must  be 
remembered  that  this  was  the  case  of  a  private  fish-pond  and, 
therefore,  not  a  public  use  of  water.  It  is  well,  however,  to 
recognize  the  distinction  that  was  laid  down  in  the  Second  But¬ 
ler  Case,  172  Pa.  506.  There,  an  injunction  was  asked  by  the 
Water  Company  to  restrain  an  oil  company  from  polluting  t he 
water  supply  of  the  city,  and  the  Supreme  Court  held  that  it 
was  an  error  for  the  lower  court  to  dismiss  the  bill,  as  entirely 
within  the  ruling  of  the  Sanderson  case.  The  latter  referred 
to  the  pollution  of  the  water  supply  of  a  single  property  owner 
only,  while  in  the  Butler  Case  grave  public  rights  and  interests 
were  involved  which  ought  to  have  been  considered.  There  is 
some  ground,  therefore,  for  the  hope  that,  when  the  case  of  pol¬ 
lution,  by  a  coal  mine,  of  the  supply  of  a  water  company,  per¬ 
forming  a  public  service,  is  brought  before  the  Supreme  Court 
of  Pennsylvania  for  decision,  a  different  outcome  may  result ; 
notwithstanding  the  Act  of  1905,  to  which  reference  has  been 
made  bv  the  author. 

The  remarks  of  Mr.  Ayres  are  particularly  interesting, 
coming  as  they  do  from  one  who  has  so  earnestly  advocated 
complete  stream  regulation  and  improvement  for  navigable  pur¬ 
poses  and  who  realizes  the  troubles  that  come  in  the  operation 
of  municipal  water  works  systems,  from  lack  of  uniformity  of 
flow  on  a  stream  carrying  much  mine-drainage.  The  statement 
that  the  United  States  Government  had  surveyed  a  site  for 
storing  a  large  amount  of  water  in  the  Youghiogheny  drainage 
basin,  is  most  important,  in  view  of  the  public  declarations  of 
those  in  charge  of  such  Government  projects  for  canalizing 
rivers,  that  such  storage  will  not  be  necessary  for  or  improve  the 
condition  of  a  river  below  for  navigable  purposes.  It  may  be 
that  light  is  at  last  breaking  through  and  such  illustrations  as 
the  one  showing  a  practically  dry  bed  in  the  river  at  Connells- 
ville  are  bringing  about  a  realization  that  something  more  than 
locks  and  dams  are  needed  to  make  a  river  thus  useful,  and 
that  is  to  have  water  to  fill  the  pools  sufficient  to  float  boats  and 
provide  lockages. 
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The  pertinent  statements  of  Mr.  Curtis,  the  builder  of  the 
Quemahoning  Dam,  about  the  effect  of  such  upon  the  flood  and 
low  water  flows  at  Johnstown  bear  out  the  beliefs  of  the  Flood 
Comrhission.  It  is  not  only  true  that  the  benefits  come  from 
such  construction,  but  also  that  it  is  wise  to  make  it  possible 
and  inviting  for  private  capital  to  do  this  where  it  will ;  for  every 
such  unit  contributes  its  help  to  fhe  great  cause. 

The  account  by  Mr.  Renkin  of  the  work  in  India,  for  the 
Tata  Iron  and  Steel  Company  is  a  valuable  contribution,  not 
only  as  relating  to  the  work  being  done  in  this  distant  country, 
so  fruitful  of  new  developments,  but  also  because  of  the  state¬ 
ment  of  requirements.  It  seems  that  as  a  sort  of  payment,  in 
lieu  of  a  franchise  tax,  to  secure  a  right  to  build  works  and  use 
the  waters  of  the  stream,  it  was  necessary  to  provide  storage 
to  such  capacity  that  the  low  water  flow  would  be  materially  in¬ 
creased.  This  is  the  principle  of  the  requirements  imposed  by 
the  Water  Supply  Commission  on  the  Clarion  River  water  power 
charters,  as  a  result  of  the  Flood  Commission’s  agitation.  It 
is,  however,  a  serious  question,  whether  the  state  or  the  benefited 
communities  should  not  bear  their  share  of  such  cost,  as  is  men¬ 
tioned  by  the  author  and  by  Mr.  Grant,  as  the  method  of  the 
“  Gennossenschafts”  of  Europe. 

The  contributed  written  discussions  of  Messrs.  Hawley  and 
Chester  are  illuminating  and  interesting,  as  expressing  different 
points  of  view  from  men  who  have  had  much  practical  experience 
in  the  management  of  water  works  properties.  That  companies 
and  their  representatives  have  for  some  time  realized  the  pro¬ 
tecting  value  of  wise  regulation  by  state-wide  authority  is  be¬ 
coming  more  and  more  evident  every  day.  With  the  opinion 
of  Mr.  Chester  that  there  should  be  some  provision  securing 
long  and  non-competitive  life  to  a  utility,  with  either  an  inde¬ 
terminate  (not  a  perpetual)  franchise,  or  a  limited  one,  to  be 
terminated  in  either  case  by  purchase  by  the  municipality,  the 
author  is  in  entire  accord  and  wonders  how  a  different  idea  of 
his  position  could  have  been  obtained.  If  we  accept  the  doctrine 
of  regulation  by  the  sovereign  authority  of  the  State,  then  we 
certainly  should  make  it  inviting  for  capital  to  invest;  other¬ 
wise,  we  may  have  nothing  to  regulate.  The  statement  of  the 
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Ohio  practice,  given  by  Mr.  Wilkins,  is  an  illustration  of  the  kind 
of  thing  which  we  should,  in  fairness,  try  to  avoid. 

It  may,  however,  be  a  fundamental  question  whether  a  bill 
to  provide  for  the  creation  of  a  Public  Service  Commission  is 
the  proper  place  for  such  legislation.  In  the  opinion  of  the 
author  such  provisions  should  be  included  in  other  acts  provid¬ 
ing  for  the  incorporation  of  companies  and  defining  their  sub¬ 
stantive  rights.  The  scheme  of  legislation  establishing  a  Utility 
Commission  should  be  to  regulate  what  is,  and  not  to  create  new 
rights. 

Mr.  Chester*  s  remark  regarding  full  reservoirs  for  power 
and  empty  ones  for  flood  prevention  is  an  excellent  aphorism  ; 
but,  it  must  be  used  with  discrimination.  The  author’s  refer¬ 
ence  to  the  need  for  flood  purposes  during  only  four  months 
of  the  year  and  availability  for  other  purposes  during  the  re¬ 
maining  eight  months  must  not  be  forgotten.  It  is  interesting 
also  to  note  that,  in  one  case  studied,  the  necessary  increase  in 
height  of  a  two  hundred  foot  dam,  in  order  to  provide  the  ad¬ 
ditional  storage  necessary  for  flood  prevention,  was  only  ten 
feet.  This  entailed  an  additional  expense  of  only  two  percent, 
well  within  the  usual  limits  of  accuracy  of  preliminary  estimates. 
The  Flood  Commission  called  attention  to  the  fact  that,  at  the 
sites  investigated,  great  possibilities  for  storage  above  that  re¬ 
quired  for  flood  prevention  exist,  and  can  readily  be  made  avail¬ 
able  for  such  correlated  purposes  as  power,  navigation,  etc. 

The  author  is  extremely  gratified  to  note  Mr.  Chester’s 
strong  stand  in  favor  of  national  action  and  control.  It  would 
be  extremely  helpful  if  all  these  problems  could  be  solved  along 
water-shed  lines,  and  the  Newlands  River  Regulation  Rill  gives 
promise  of  progress  in  this  direction.  The  time  has  come  also 
to  get  away  from  the  idea  that  all  national  action  along  these 
lines  must  be  tied  up  with  the  inter-state  commerce  clause  of 
the  Constitution,  and  to  line  up  with  that  truly  progressive 
speech  of  President  Taft  before  the  National  Rivers  and  Har¬ 
bors  Congress,  December  4th,  1912,  in  which,  referring  to  the 
Mississippi  River  Floods,  he  said : 

“Now,  gentlemen,  I  do  not  want  to  say  anything  invidious,  but 
the  hanging  of  the  expenditure  of  $40  000  000  or  $50  000  000  that  will  be 
necessary  to  make  that  river  safe,  on  the  improvement  of  navigation 
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that  is  going  to  flow  from  that  expenditure  of  $40  000  000  or  $50  000  000 
is  a  pretense;  we  might  just  as  well  face  that  right  away.  It  is  not 
necessary  to  spend  $40  000  000  or  $50  000  000  in  order  to  make  that  a 
good  waterway,  but  it  is  necessary  to  spend  that  amount  if  we  are  go¬ 
ing  to  make  that  river  so  that  it  shall  not  be  destructive  to  all  that 
part  of  the  country  every  few  years.  *  *  *  *  Under  the  Constitution 
we  can  expend  money  from  the  Treasury  of  the  United  States  for  the 
general  welfare,  and  that  would  seem  to  include  the  avoidance  of 
danger,  if  it  affects  so  large  a  part  of  the  country  that  it  may  be  said 
to  affect  the  whole  country,  and  if  its  avoidance  involves  such  large 
expenditures  that  we  cannot  possibly  look  to  the  state  to  meet  the 
requirement.” 
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ROBERT  MUNROE 

Baltimore,  Md.,  December  2Qth,  1834. 

Pittsburgh,  November  24th,  1910. 

Robert  Munroe  was  one  of  the  pioneer  manufacturers  of  Pitts¬ 
burgh  having  organized  the  West  Point  Boiler  Works  in  1857  and 
at  the  time  of  his  death  was  President  of  the  R.  Munroe  &  Sons  Manu¬ 
facturing  Corporation. 

Colonel  Munroe  served  throughout  the  Civil  War,  commanding 
the  One  Hundred  and  Thirty-ninth  Pennsylvania  Volunteers,  Sixth 
Army  Corps.  He  fought  in  all  the  battles  participated  in  by  the 
Army  of  the  Potomac  and  was  wounded  thirteen  times.  He  was 
a  member  of  the  Union  Veterans  Legion  and  of  the  John  B.  Clark 
Post,  No.  162,  and  was  an  elder  in  the  Fourth  United  Presbyterian 
Church. 

He  became  a  member  of  the  Engineers'  Society  of  Western 
Pennsylvania  in  April,  1880,  only  a  few  months  after  the  organiza¬ 
tion  of  the  Society. 

Living  of  his  family,  are  his  widow,  Mrs.  Mary  Duncan  Munroe, 
and  six  children:  Robert,  Jr.;  E.  Reynolds;  James  D. ;  Charles  L. ; 
Mrs.  Lincoln  Boggs  and  Mrs.  J.  L.  Loughrev  Roberts. 


HARRISON  EVERETT  ASHLEY 

New  Bedford,  Mass.,  August  2d,  1876. 

Pittsburgh,  February  4th,  1911. 

Harrison  Everett  Ashley  was  the  son  of  A.  David  and  Carolyn 
Morse  Ashley,  and  was  graduated  with  honors  from  the  Massachusetts 
Institute  of  Technology,  and  from  the  Ceramic  Department  of  the 
Ohio  State  University. 

He  was  Associate  Ceramic  Chemist  of  the  U.  S.  Geological  Sur¬ 
vey  and  was  stationed  in  Pittsburgh.  He  had  marked  ability  in  his 
profession  and  was  the  author  of  numerous  monographs  on  subjects 
connected  with  ceramics.  He  had  a  host  of  friends  but  with  all  was 
of  a  modest,  retiring  nature  and  those  who  were  privileged  to  be  as¬ 
sociated  with  him  knew  best  of  his  high  attainments. 

He  married  Miss  Eva  Greenamyer  of  Leetonia,  Ohio  and  leaves 
besides  his  widow  a  two  year  old  daughter. 

He  joined  the  Engineers'  Society  of  Western  Pennsylvania 
in  March,  1903,  and  was  also  a  member  of  the  American  Chemical 
Society  and  the  American  Ceramic  Society. 
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CHARLES  R.  RHODES 

New  Castle,  Pa.,  1867. 

Pittsburgh,  February  8th,  1911. 

He  was  a  son  of  James  and  Elizabeth  Peeples  Rhodes  and  was  a 
nephew  of  the  late  Joshua  Rhodes,  a  former  member  of  this  Society. 

He  was  educated  at  New  Castle  and  came  to  Pittsburgh  in  1886, 
securing  employment  with  the  Shook-Anderson  Mfg.  Company, 
which  later  was  merged  with  the  Pittsburgh  Valve,  Foundry  &  Con¬ 
struction  Com]  any.  He  had  been  General  Manager  of  this  latter 
corporation  for  ten  years.  He  was  a  director  of  the  National  Car 
Wheel  Company  and  of  the  Pennsylvania  Casting  and  Machine  Com- 
pany. 

He  took  an  active  interest  in  the  work  of  the  Highland  Presby¬ 
terian  Church  of  which  he  was  a  trustee.  He  became  a  member  of  the 
Engineers’  Society  of  Western  Pennsylvania  in  October  1902. 
He  was  married  in  the  same  year  to  Miss  Mary  Riley  of  this  city 
and  besides  his  widow  leaves  four  children:  Charles  E. ;  James;  Robert 
P. ;  and  Mary  Rhodes.  Three  brothers:  Robert  P. ;  James  I).;  and 
George  P. ;  all  residing  in  Pittsburgh  survive. 


FRANK  SARGENT  JACKMAN 

Norwalk,  Ohio,  1854. 

Verona,  Pa.,  May  5th,  1911. 

9 

He  was  the  son  of  John  A.  and  Sarah  F.  Jackman  and  was 
educated  in  the  public  schools  and  later  in  the  law  school  of  the 
Wesleyan  University  at  Bloomington^  Ill.  He  practiced  law  for 
three  years  and  then  returned  to  mechanical  pursuits  in  which  he  had 
training  in  the  shops  of  the  Chicago  &  Alton  R.  R.,  and  for  which  he 
showed  great  aptitude. 

He  entered  the  employ  of  the  Illinois  Steel  Company  in  the 
Joliet  Works  and  after  a  few  years  went  to  Carpentersville,  Ill., 
where  he  laid  out  the  plant  of  the  Ashley  Wire  Company  and  erected 
a  large  grain  elevator.  Some  years  after  he  became  associated  with 
his  brother  John  A.  Jackman  in  the  steel  foundry  business,  later  was 
superintendent  of  the  Franklin  Steel  Castings  Company,  Franklin, 
Pa.,  and  after  a  few  years  he  became  superintendent  of  the  plants 
of  the  Pittsburgh  Manufacturing  Company  and  later  was  superin¬ 
tendent  of  the  Colonial  Steel  Company.  In  1910  when  the  plant  of  the 
General  Castings  Company  of  Verona  was  taken  over  by  the  Stand¬ 
ard  Steel  Car  Company  he  became  superintendent  and  general  manager 
of  the  works  which  position  he  held  at  the  time  of  his  death.  He 
was  a  member  of  the  Presbyterian  Church,  and  joined  the  Engineebs’ 
Society  of  Western  Pennsylvania  in  March  1899. 
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Mr.  Jackman  was  highly  esteemed  by  all  with  whom  he  came  in 
contact,  both  in  business  and  social  relations.  There  was  a  strain  of 
fine  sentiment  in  this  plain  engineer  that  bis  work  in  the  world  was 
the  better  for.  lie  was  of  that  type  of  men  who  ever  “Swing  True” 
and  the  following  verses  were  found  among  some  clippings  be  made 
and  which  he  frequently  quoted  or  referred  to: 

“swing  true” 

The  thing  that  is  the  finest  of  all  to  do, 

When  the  world  sits  down  to  examine  you; 

The  thing  that  is  finest  of  all  right  then 
Is  to  be  like  a  man  in  a  world  of  men 

• 

If  the  goal  was  lost  and  the  plans  went  wrong, 

The  balance  of  life  swings  true  ere  long, 

Just  answer  the  question  and  hold  your  place 
And  keep  on  looking  the  truth  in  the  face. 

The  bloom  that  another  may  pluck  is  not  thine, 

But  somewhere  or  other  life  nurtures  a  vine, 

Beneath  whose  harvest  of  bloom  and  dew 
You’ll  sit  some  day  when  the  world  swings  true. 


FRANCIS  LeBARON  ROBBINS 

Ripon,  Wis.,  September  3d,  1855. 

Chicago,  Ill.,  September  8th,  1911*  . 

He  was  a  son  of  T.  Burr  and  Alice  Brockway  Robbins  and  was 
named  after  Francis  LeBaron  one  of  the  Puritans  who  landed  from 
the  Mayflower  in  1639.  From  these  early  Puritans  both  of  his  par¬ 
ents  descended. 

In  1871  his  father  came  to  Pennsylvania  and  became  associated 
with  John  Arnott  of  Elmira,  N.  Y.  in  the  operation  of  a  coal  mine, 
and  at  the  age  of  fifteen  Mr.  Robbins  entered  his  successful  career 
in  the  coal  business.  He  successively  mastered  every  detail  of  the 
business,  filling  every  position  from  breaking  coal  to  assuming  the 
responsibilities  of  superintendent  of  the  Pittsburgh  and  Walnut  Hill 
Coal  Company.  At  twenty  he  was  superintendent  of  two  mines.  The 
following  year  he  purchased  two  mines  which  were  operated  as  the 
Robbins’  Coal  Company  and  the  Willow  Grove  Mining  Company. 
Both  these  properties  he  operated  successfully,  having  at  the  same 
time  an  interest  in  the  Pittsburgh  Consolidated  Coal  Company,  until 
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1899  when  the  Pittsburgh  Coal  Company  was  formed  with  Mr.  Rob¬ 
bins  as  Chairman  of  the  Board  of  Directors. 

When  F.  M.  Osborne  retired  as  president,  Mr.  Robbins  became 
President  as  well  as  Chairman  and  continued  in  these  positions  until 
1907  when  he  retired  from  the  Company  entirely,  and  became  Pres¬ 
ident  of  the  Monongahela  River  Coal  and  Coke  Company  for  a  year. 
Since  then  he  was  in  ill  health  but  was  engaged  on  a  large  coal  and 
cement  proposition  in  Alabama. 

Mr.  Robbins,  who  resided  at  Midway,  Pa.  for  a  time,  moved  to 
Pittsburgh  in  1885  and  was  recognized  as  one  of  the  highest  authorities 
on  coal  mining  in  the  United  States. 

He  always  took  a  lively  interest  in  politics  and  when  only  twenty- 
five  years  old  was  Chairman  of  the  County  Republican  Committee  dur¬ 
ing  the  campaign  of  1880. 

Mr.  Robbins  joined  the  Engineers'  Society  of  Western  Penn¬ 
sylvania  in  January  1888,  and  was  for  many  years  a  Director  of  the 
First  National  Bank  and  the  Colonial  Trust  Company. 

In  1882  he  was  married  to  Miss  Helen  Gill  of  Steubenville,  Ohio. 


JOHN  L.  LEWIS 

Pittsburgh,  1838. 

Erie,  Pa.,  November  6th,  1911. 

John  L.  Lewis,  a  son  of  John  Lewis,  was  born  on  the  South 
Side,  was  educated  in  the  public  schools  and  had  always  been  a  resi¬ 
dent  of  this  city. 

About  1870  with  Mr.  Rossiter  and  a  few  others  he  organized 
the  firm  bearing  their  name  and  after  Mr.  Rossiter  retired  many 
years  ago,  the  firm  became  the  Lewis  Foundry  and  Machine  Company, 
of  which  Mr.  Lewis  was  the  principal  owner  and  had  been  President 
until  he  retired  from  active  life  some  time  ago. 

Mr.  Lewis  was  an  able  writer  and  contributed  many  articles  on 
iron  and  steel  to  the  Iron  Age  and  other  periodicals.  He  joined  the 
Engineers'  Society  of  Western  Pennsylvania  in  March,  1880,  a  few 
months  after  its  organization.  He  was  a  trustee  of  the  First  Bap¬ 
tist  Church  and  at  the  time  of  his  death  was  a  member  of  the 
Building  Committee  having  in  charge  the  erection  of  the  beautiful 
new  church  of  that  congregation. 

He  was  a  brother  of  W.  J.  Lewis,  who  built  the  Lewis  Block  on 
the  northwest  corner  of  Smithfield  Street  and  Sixth  Avenue.  He  is 
survived  by  his  widow,  formerly  Miss  Anna  C.  Glosser,  three  daugh¬ 
ters:  Mrs.  William  A.  Herron,  Mrs.  Jane  L.  Marshall,  and  Mrs.  F.  L. 
Mattern,  and  two  sons:  E.  K.  and  J.  L.  Lewis,  Jr. 
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MORRIS  LOUIS  ROGALINER 

New  York,  N.  Y.,  May  7th,  1876. 

Pittsburgh,  March  18th,  1912. 

Morris  Louis  Rogaliner,  the  son  of  Louis  and  Julia  DeWolf 
Rogaliner,  was  brought  to  Pittsburgh  when  six  months  old.  He  was 
educated  in  the  public  schools  and  graduated  from  the  University  of 
Pittsburgh  in  the  Civil  Engineering  course  in  1899. 

He  was  employed  by  Heyl  &  Patterson  for  eleven  years  and  for 
the  last  two  years  was  Assistant  Chief  Engineer  of  the  Pittsburgh 
Coal  Washer  Company. 

He  joined  the  Engineers’  Society  of  Western  Pennsylvania  in 
March,  1903,  and  was  a  member  of  the  Rodeph  Sholem  Temple.  He 
is  survived  by  his  mother,  four  sisters  and  three  brothers. 


HUGH  ADDISON  REED 

Allegheny,  1854. 

Pittsburgh,  April  23d,  1912. 

Hugh  Addison  Reed  was  a  son  of  William  and  Eliza  Ann  Reed 
and  always  lived  on  the  Northside  of  Pittsburgh.  He  was  educated 
in  the  public  schools  and  later  entered  the  Phillipsburg,  now  Monaca, 
Academy. 

After  engaging  in  business  for  several  years  Mr.  Reed  in  Com¬ 
pany  with  W.  B.  Wolf  purchased  about  twenty-eight  years  ago,  the 
Baird  Machinery  Company,  pioneer  in  the  machine  tool  business  in 
this  district.  He  was  President  of  the  Company  at  the  time  of  his 
death. 

Mr.  Reed  became  a  member  of  the  Engineers’  Society  of  West¬ 
ern  Pennsylvania  in  June,  1893,  and  was  also  a  member  of  the 
Teehnischer  Verein.  He  was  married  to  Miss  Amanda  Hartzel  thirty 
years  ago  and  is  survived  by  his  widow,  his  mother  and  one  sister, 
Mrs.  Wilkins  Linhart,  and  one  brother,  John  Reed. 


JAMES  BREADING  HOGG 

Connellsville,  1857. 

Connellsville,  June  4th,  1912. 

James  Breading  Hogg  was  a  son  of  John  T.  and  Caroline  Hogg. 
He  began  his  engineering  career  as  instrument  man  on  the  Pittsburgh 
and  Lake  Erie  R.  R.,  in  1881.  For  about  fifteen  years  he  was  en¬ 
gaged  in  railroad  work  in  Washington  and  Oregon.  Since  1900  he 
has  pursued  his  profession  in  Fayette  County. 

He  was  for  a  number  of  years  a  division  engineer  for  the  H.  C. 
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Frick  Coke  Company.  Later  he  was  Borough  Engineer  for  Con- 
nellsville  and  several  other  municipalities  of  Fayette  and  Westmore¬ 
land  Counties.  At  the  time  of  his  death  he  was  serving  his  fourth 
term  as  County  Surveyor  for  Fayette  County.  He  joined  the  Engi¬ 
neers’  Society  of  Western  Pennsylvania  in  March,  1903. 

He  was  an  energetic,  capable  engineer  of  large  experience  and 
had  a  host  of  friends.  Though  living  at  a  distance  from  Pittsburgh, 
he  took  a  keen  interest  in  the  affairs  of  our  Society  and  assisted  in 
its  development. 

He  is  survived  by  his  widow,  formerly  Miss  Josephine  Reid  of 
Connellsville,  his  mother,  Mrs.  Caroline  Hogg  of  Pittsburgh  and 
four  sisters,  Mrs.  James  A.  Childs  of  Connellsville,  Mrs.  Stewart 
Johnston,  Mrs.  George  J.  Bissell  and  Miss  Elizabeth  Hogg  of  Pitts¬ 
burgh. 


FRANK  H.  SCHWARTZ 

Pittsburgh,  August  16th,  1855. 

Pittsburgh,  July  31st,  1912. 

Frank  H.  Schwartz  was  educated  in  the  public  schools  ,of  this 
city,  and  later  entered  the  employ  of  the  City.  He  was  employed  as 
an  engineer  in  laying  out  a  number  of  gas  lines  and  also  in  the 
construction  of  a  number  of  inclines.  He  returned  to  the  employ 
of  the  City  under  E.  M.  Bigelow,  spending  thirty-five  years  of  his 
life  in  the  city’s  employ. 

He  became  a  member  of  the  Engineers’  Society  of  Western 
Pennsylvania  in  November,  1881,  and  had  a  wide  acquaintance  among 
the  older  engineers  of  the  city.  He  is  survived  by  a  brother  and  three 
sisters  with  one  of  whom,  Miss  Amelia  Schwartz,  he  made  his  home. 


ABSTRACT  OF  MINUTES 


FEBRUARY  1912  TO  JANUARY  1913 


ANNUAL  MEETING 


The  Thirty-second  Annual  Meeting  of  the  Engineers^  Society  of 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Building, 
Pittsburgh,  Tuesday,  January  16th,  1912,  at  8:45  P.  M.,  President 
Riddle  presiding,  50  members  and  visitors  being  present. 

The  minutes  of  the  last  annual  meeting,  held  January  17th,  1911, 
were  read  and  approved. 

The  annual  report  of  the  Board  of  Direction  to  the  Society, 
which  included  the  reports  of  the  Standing  and  Special  Committees, 
the  Sections  and  the  Treasurer,  was  read  as  follows: 

REPORT  OF  THE  BOARD  OF  DIRECTION 

The  Board  of  Direction  of  the  Society  held  twelve  meetings  during 
the  past  year  at  which  the  routine  of  business  of  the  Society  was 
transacted. 

During  the  year  there  were  held  nine  regular,  two  special  and 
the  annual  meeting  of  the  Society.  The  average  attendance  was  134, 
an  increase  of  17  over  the  average  attendance  of  last  year.  The 
average  number  participating  in  the  discussion  of  papers  was  seven, 
the  maximum  attendance  was  340  and  the  minimum  61. 

At  the  close  of  the  year  the  membership  of  the  Society  was  as 


follows : 

Honorary  members  .  6 

Life  members  .  3 

Active  members  . . .' .  860 

Associates  .  14 

Juniors  .  63 

Junior-Students  .  6 


952 

If  the  new  members  elected  at  the  Jaunary  5th,  meeting  of  the 
Board  were  included,  they  would  bring  the  total  membership  up  to 
966  which  is  the  largest  membership  in  the  history  of  the  Society. 


During  the  year  there  were: 

Resignations  . 21 

Removals  by  death  .  5 

Dropped  .  57 


Total  .  83 

Accessions  .  101 
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REPORT  OF  HOUSE  COMMITTEE 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  Pennsyl¬ 
vania  : 

On  behalf  of  the  House  Committee  I  have  the  following  report 
to  present : 

Early  in  the  year  additional  chairs  were  purchased  for  the  audi¬ 
torium,  somewhat  increasing  the  seating  capacity,  and  additional  coat 
racks  were  purchased  relieving  the  congestion.  During  the  summer 
recess  new  cane  seats  were  put  in  a  number  of  the  auditorium  chairs, 
the  work  being  very  well  done  by  the  Pittsburgh  Workshop  for  the 
Blind. 

The  Bust  of  Plato  and  stand  in  the  library  is  the  gift  of  Mr. 
Chester  B.  Albree  to  whom  the  appreciation  of  the  Society  has  been 
expressed  by  the  Board  of  Direction. 

During  the  year  the  Auditorium  has  been  used  on  46  occasions, 
22  times  for  Society  meetings  and  24  times  for  other  organizations. 

The  Society  rooms  have  been  open  every  Saturday  night  through¬ 
out  the  year. 

Respectfully  submitted, 

A.  R.  Raymer,  Chairman. 


REPORT  OF  PUBLICATION  COMMITTEE 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  Pennsyl¬ 
vania  : 

The  Publication  Committee  reports  activity  throughout  the  year 
in  providing  papers  for  meetings  of  the  Society  and  its  Sections  on 
subjects  of  interest  to  the  Society.  Especial  endeavor  has  been  made 
to  develop  the  subjects  of  Iron  and  Steel  Engineering  as  well  as 
Coal  Mining  Engineering,  on  account  of  the  great  interest  the  ma¬ 
jority  of  our  members  have  in  these  matters.  It  is  believed  that 
improvement  has  been  obtained  in  the  discussion  of  papers  by  arrang¬ 
ing  the  program  a  number  of  months  in  advance,  thus  giving  oppor¬ 
tunity  to  secure  written  discussion  from  engineers  particularly  inter¬ 
ested  in  the  subject  to  be  presented.  For  the  first  time  in  the  Society’s 
history  the  program  has  been  filled  a  year  in  advance. 

Your  chairman  wishes  to  add  to  the  credit  his  predecessors  have 
given  the  Secretary  of  the  Society  for  his  activity,  wise  counsel,  and 
faithful  service. 

Respectfully  submitted, 

Samuel  E.  Duff,  Chairman. 
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REPORT  OF  ENTERTAINMENT  COMMITTEE 


To  the  Board  of  Direction ,  Engineers'  Society  of  Western  Pennsyl¬ 
vania  : 


The  Entertainment  Committee  presents  t lie  following  report : 

During  the  year  1911,  seven  inspection  trips,  matle  were  as  fol¬ 
lows  : 

On  January  28th,  we  visited  the  Frank  Kneeland  Works  of  the 
United  Engineering  &  Foundry  Company  where  a  large  blooming 
mill  and  a  high  speed  steam  hydraulic  forging  press,  both  of  which 
presented  interesting  features  of  design,  were  inspected.  The  attend¬ 
ance  was  about  150. 

On  March  25th,  we  went  to  the  Standard  Plate  Glass  Company's- 
works  at  Butler,  Pa.  Special  trolley  cars  over  the  “Harmony  Route” 
were  provided  and  those  participating  were  given  every  opportunity 
to  see  the  many  interesting  processes  in  connection  with  the  manu¬ 
facture  of  plate  glass.  The  attendance  was  65. 

On  April  22nd,  we  went  to  the  works  of  the  Pennsylvania  Rubber 
Company  at  Jeannette,  Pa.  Special  cars  were  provided  over  the 
Pennsylvania  Railroad.  This  trip  was  a  most  attractive  one  in  the 
novel  features  presented.  The  attendance  was  65. 


On  June  2nd,  we  visited  the  works  of  the  Mesta  Machine  Com¬ 
pany  at  West  Homestead,  the  American  Society  of  Mechanical  Engi¬ 
neers  inspecting  the  works  at  the  same  time.  After  inspecting  the 
shops  and  the  machinery  in  course  of  construction,  the  visiting  mem¬ 
bers  of  the  two  Societies  were  pleasantly  entertained  at  luncheon  by 
our  hosts.  A  special  train  was  provided  and  the  trip  was  a  most 
enjoyable  one.  The  attendance  was  169. 

On  July  10th,  we  visited  the  works  of  the  McClintie-Marshall  Con¬ 
struction  Company  at  Rankin,  Pa.  Proceeding  the  inspection  of  the 
plant,  we  were  entertained  at  dinner  by  our  hosts.  In  addition  to  the 
works  themselves,  the  layout  of  which  presented  features  of  especial 
interest  to  structural  engineers,  the  lock  gates  which  were  being  fabri¬ 
cated  for  the  Isthmian  Canal  attracted  much  attention.  Special  cars 
were  provided  over  t lie  Pittsburgh  &  Lake  Erie  R.  R.  The  attendance 


was  228. 

On  October  14th,  we  visited  the  National  Works  of  the  National 
Tube  Company  at  McKeesport.  Much  interest  was  displayed  in  this 
trip  and  the  various  operations  in  the  manufacture  of  tubes  were  most 
instructive.  After  the  trip  through  the  works  the  visiting  members 
of  the  Society  were  entertained  at  luncheon  by  the  officials  of  the 
National  Works.  This  was  a  most  enjoyable  affair.  Some  felicitous- 
remarks  were  made  by  Mr.  W.  A.  Cornelius,  Manager  of  the  works, 
in  response  to  expressions  of  appreciation  by  the  Chairman  of  the 
Entertainment  Committee.  After  luncheon  a  half  hour  was  spent  in 
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social  intercourse,  the  opportunity  being  used  to  make  the  new  mem¬ 
bers  of  the  Society  acquainted  with  those  of  longer  standing.  The 
attendance  was  237. 

On  October  28th,  we  went  to  the  works  of  the  H.  J.  Heinz  Com¬ 
pany.  After  an  inspection  of  the  works  the  visiting  members  of  the 
Society,  many  of  whom  were  accompanied  by  guests  a  special  invita¬ 
tion  having  been  extended  to  ladies,  were  entertained  at  luncheon. 
After  luncheon  an  inspection  was  made  of  the  work  being  done  by 
the  Cummings  Structural  Concrete  Company  and  the  Raymond  Con¬ 
crete  Pile  Company,  for  the  H.  J.  Heinz  Co.  The  attendance  was  290. 

On  November  25th,  we  visited  the  works  of  the  Cambria  Steel 
Company  at  Johnstown,  Pa.  This  was  an  all  day  trip  the  special 
train  over  the  Pennsylvania  Railroad  leaving  at  8:00  A.  M.  and  re¬ 
turning  shortly  before  six  o’clock. 

The  inspecting  party  were  met  by  a  reception  committee  headed 
by  Mr.  PL  C.  Wolle,  General  Superintendent,  and  conducted  through 
the  upper  works  in  the  morning.  At  twelve  o’clock  the  members  of 
the  Society  were  entertained  by  the  officials  of  the  Company  at  a  most 
delightful  luncheon  which  was  served  by  the  ladies  of  the  Franklin 
Street  M.  E.  Church.  After  short  addresses  of  welcome  by  Mr.  Charles 
S.  Price,  President  of  the  Company  and  Mr.  Wolle,  which  were  re¬ 
sponded  to  by  President  Riddle,  the  lower  works  were  visited.  The 
entire  trip  was  of  unusual  interest,  the  great  variety  of  finished  pro¬ 
duct  turned  out  making  the  Cambria  Works  unique  among  steel  works. 

On  the  return  trip  the  Secretary  of  the  Society,  in  response  to 
numerous  requests,  passed  the  hat  for  voluntary  contributions  for  the 
Ladies  Aid  Society  of  the  Franklin  Street  M.  E.  Church,  who  added 
so  much  to  the  enjoyment  of  the  day.  The  collection  which  amounted 
to  $108.67  was  forwarded  to  the  ladies  through  Mr.  Price.  The  at¬ 
tendance  was  198. 

The  first  smoker  of  the  year  was  held  on  March  2nd,  the  members 
of  the  Society  being  entertained  by  Mr.  S.  A.  Taylor  with  an  informal 
talk  on  the  Isthmian  Canal  at  Panama  which  was  illustrated  by  a 
large  number  of  exceptionally  fine  slides.  The  attendance  was  266. 

The  American  Society  of  Mechanical  Engineers  were  entertained 
at  a  Smoker  given  by  our  Society  on  the  evening  of  June  2nd.  An 
orchestra  and  quartette  were  in  attendance  adding  much  to  the  en¬ 
joyment  of  the  occasion.  The  feature  of  the  evening  was  a  most 
humorous  address  made  by  Mr.  George  H.  Neilson  which  will  live 
long  in  history.  Refreshments  were  served  and  brief  addresses  made 
by  several  members  of  each  Society.  The  attendance  was  380. 

The  endeavor  has  been  made  during  the  past  year  to  develope 
the  social  side  of  our  Society  life  and  it  is  earnestly  hoped  that  even 
more  attention  will  be  given  this  feature  by  the  Entertainment  Com¬ 
mittee  for  1912. 

Making  our  members  acquainted  with  each  other  is  most  important 
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in  the  proper  development  of  the  Society  and  every  member  should 
feel  a  personal  responsibility  in  making  himself  and  others  known  to 
all  who  attend  our  meetings.  Visitors  should  be  given  a  hearty  greet¬ 
ing  and  especial  effort  made  to  introduce  our  new  members.  If  mem¬ 
bers  who  propose  men  for  membership  find  it  impossible  to  be  pres¬ 
ent  at  the  first  meeting  which  the  new  member  attends,  a  line  to  the 
Secretary  of  the  Society  will  insure  his  being  cared  for. 

It  is  believed  that  Smokers  on  Saturday  nights,  possibly  monthly, 
would  prove  attractive  to  our  members  and  it  is  hoped  that  they  may 
be  arranged  during  the  coming  year. 

Respectfully  submitted, 

James  0.  Handy,  Chairman. 
REPORT  OF  FINANCE  COMMITTEE 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  Pennsyl¬ 
vania  : 

Your  Finance  Committee  has  made  monthly  audits  of  the  Secre¬ 
tary’s  financial  statements;  has  examined  the  bonds  in  the  safe  deposit 
vault  and  found  them  intact  and  are  pleased  to  report  that  the  Society 
is  continuing  on  a  very  satisfactory  financial  footing  as  is  indicated 
in  Treasurer  Frost’s  statement  of  the  year’s  finances. 

Respectfully  submitted, 

John  N.  Chester,  Chairman. 

REPORT  OF  MEMBERSHIP  COMMITTEE 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  PennsyU 

vania : 

The  Membership  Committee  desires  to  report  the  following  acces¬ 
sions  to  the  membership  of  the  Society  during  the  past  year: 


Active  members  .  76 

Associates  .  3 

Juniors  .  19 

Junior-Students  .  3 


Total  .  101 


The  Junior  members  in  the  Society  now  number  63  and  it  is  be¬ 
lieved  that  this  branch  of  the  membership  of  the  Society  should  be 
increased  in  order  to  extend  our  field  of  usefulness.  It  is  a  matter  of 
regret  that  more  of  the  advanced  students  in  the  engineering  schools 
of  the  city  have  not  availed  themselves  of  the  privileges  of  the  Junior- 
Student  grade  of  membership,  and  it  is  desired  to  bring  this  matter 
particularly  to  the  attention  of  the  heads  of  the  engineering  depart- 
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meiits  of  our  local  engineering’  schools,  as  such  membership  in  the 
Society  will  prove  of  great  benefit  to  students  in  engineering. 

Respectfully  submitted, 

E.  H.  Haslam,  Chairman. 

REPORT  OF  TREASURER 

To  llie  Board  of  Direction ,  Engineers’  Society  of  Western  Pennsyl¬ 
vania  : 

The  Treasurer  takes  pleasure  in  presenting  the  following  state¬ 
ment  of  the  finances  of  the  Society  for  the  year  ending  December 
30th,  1911 : 

INVESTMENTS 
Building  Fund 

One,  $1,000  00  Butler  Water  Company,  5  percent  bond, 

No.  9,  matures  September  2,  1931  . $1025  Of) 

Permanent  Fund 

Two,  $1,000  00  Connellsville  Water  Company  5  percent  bonds, 

Nos.  317-318,  mature  October  1,  1930  .  2020  00 

Two,  $1000  00  Portsmouth,  Berkley  &  Suffolk  Water  Com¬ 
pany  5  percent  bonds,  Nos.  465-466,  mature  November 

1,  1944  .  2000  00 

One,  $1000  00  Manufacturers  Light  &  Heat,  6  percent  bond, 

No.  4266,  Series  K,  matures  May  1,  1914  .  1010  00 

Three,  $1000  00  Jones  &  Laughlin  Steel  Company,  5  percent 

bonds,  Nos.  3020-3022,  mature  May  1,  1931  . .  2997  92 


Total  nine  bonds . $9052  92 


RECEIPTS  EXPENDITURES 


Dues  1912  . 

.$  81  00 

Administration  . 

Dues  1911  . 

6535  90 

Entertainment  . 

.  1611  88 

Dues  1910  . .  .  . . 

.  296  25 

House  . 

.  2648  67 

Dues  1909  . 

118  00 

Library  . 

.  .  59  53 

Dues  1908  . 

65  00 

General  Society  .  . . . 

699  83 

Dues  1907  . 

IS  00 

Mechanical  Section  . 

99  85 

Entrance  Fees  . 

980  00 

Structural  Section  .  . 

106  50 

Advertising  . 

.  1585  31 

Proceeding’s  . 

.  ' 1793  56 

Sale  of  Proceedings. 

400  78 

Advertising  . 

104  64 

Rent  of  Auditorium. 

210  00 

Interest  . 

5  42 

Banquet  . 

.  1047  54 

Membership  . 

106  62 

Interest  . 

541  31 

Miscellaneous  . 

122  30 

Sale  of  Society  Pins. 

47  50 

Sale  of  Cuts  . 

7  26 

Miscellaneous  . 

31  29 

Total  . 

.$11965  14 

Total  . 

. .$11062  31 
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TOTAL  ASSETS 


December  31,  1910 

December  30, 

Bonds  . 

_  $  9052  92 

$  9052  92 

Permanent  Fund  .  . . 

....  1655  72 

1722  58 

Building  Fund . 

531  15 

552  59 

General  Fund  . 

....  102182 

1924  65 

Petty  Cash  Fund  .  . . 

....  250  00 

250  09 

$12511  61 

Increase  in  Assets  for 

1911 

over  1910  . 

991  13 

$13502  74 

$13502  74 

Respectfully  submitted, 

A.  E.  Frost,  Treasurer. 


REPORT  OF  MECHANICAL  SECTION 
To  the  Board  of  Direction ,  Engineers'  Society  of  I Vestern  Penn¬ 
sylvania  : 

The  Mechanical  Section  held  five  regular  meetings  during  the 
year  1911  with  an  average  attendance  of  8b.  The  maximum  attend- 
ance  was  125  at  the  December  meeting  and  the  minimum  4(i  at  the 
February  meeting.  The  average  attendance  for  the  five  meetings  held 
in  the  year  1910,  was  00,  the  average  for  1911  being  therefore  about 

7  7  O  O 

40  percent  larger.  The  interest  in  the  papers  presented  is  also  indi¬ 
cated  by  the  fact  that  an  average  of  eleven  persons  participated  in 
the  discussions. 

The  papers  presented  were  as  follows: 

February  meeting:  “Achievements  in  Railroading”  by  retiring  Chair¬ 
man  Arnold  Stucki. 

April  meeting:  “Mechanical  and  Hydraulic  Presses”  by  Frank  I.  Ellis, 
Chief  Engineer,  United  Engineering  &  Foundry  Company. 
June  meeting:  “The  Operation  of  Boiler  Plants  in  Industrial  Works’, 
by  John  A.  Hunter,  Mechanical  Engineer,  American  Sheet  and  Tin 
Plate  Co. 

October  meeting:  “The  Smokeless  Combustion  of  Bituminous  Coal  in 
the  Pittsburgh  District”,  by  Mirabeau  Sims,  Vive  President. 
Steam  Equipment  Manufacturing  Company. 

December  meeting:  “Regenerative  Stoves  and  their  Relation  to  Blast 
Furnace  Practice”,  by  A.  N.  Diehl,  Supt.,  Blast  Furnaces,  Du- 
quesne  Works,  Carnegie  Steel  Company. 

These  papers  were  all  selected  in  accordance  with  the  policy 
adopted  by  the  Board  of  Direction,  that  whenever  possible  subjects 
should  be  selected,  which  would  be  of  particular  interest  to  the  in- 
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dustrial  community  of  which  Pittsburgh  is  the  center.  The  adoption 
of  such  a  policy  has  been  fully  justified  during  the  past  year  by  the 
experience  of  the  Mechanical  Section.  The  increased  attendance  and 
participation  in  the  discussion  being  the  most  convincing  proof. 

Adherence  to  this  policy,  more  closely  if  possible  than  in  the 
past,  would  seem  to  be  very  desirable  for  the  work  of  the  coming 
year,  both  in  the  Sections  and  the  General  Society.  It  would  in  all 
probability  interest  in  the  Society  and  finally  bring  into  Membership 
many  engineers  and  works’  executives  who  at  present  hardly  know 
anything  of  the  Society’s  work,  but  whose  co-operation  would  do  much 
to  give  the  Society  the  added  membership  and  influence  for  which  we 
are  all  striving. 

Respectfully  submitted, 

A.  L.  Hoerr,  Chairman. 

REPORT  OF  STRUCTURAL  SECTION 

To  the  Board  of  Direction,  Engineers’  Society  of  Western  Pennsylvania : 

Five  regular  meetings  of  the  Structural  Section  were  held  during 
1911.  The  average  attendance  at  these  meetings  was  69,  with  an  aver¬ 
age  of  nine  taking  part  in  the  discussion.  The  maximum  attendance 
was  106,  and  the  minimum  50.  It  so  happened  that  weather  condi¬ 
tions  were  bad  on  practically  every  evening  during  the  year  on  which 
the  meetings  of  the  Section  were  held.  At  the  same  time,  however, 
the  average  attendance  was  about  10  percent  greater  than  in  1910. 

Papers  read  during  the  year  were  as  follows: 

January  meeting:  “Fireproof  Construction”,  by  Emile  G.  Perrot, 
of  Ballinger  &  Perrot,  architects  and  engineers  of  Philadelphia. 

March  meeting:  “Manufacture  and  Properties  of  Iron  and  Steel”, 
by  H.  P.  Tiemann,  Metallurgist  with  Carnegie  Steel  Company. 

May  meeting:  “Deterioration  of  Macadam  Roads  and  the  Prob¬ 
able  Cure”,  by  Samuel  D.  Foster,  County  Road  Engineer,  Pittsburgh, 
Pa. 

September  meeting:  “Non-Metallic  Roofing  Materials”,  a  topical 
discussion  led  by  W.  S.  Babcock,  Waterproofing  Engineer,  Barrett 
Manufacturing  Company,  New  York,  N.  Y. 

November  meeting:  “Metallic  Roofing  Materials”,  a  topical  dis¬ 
cussion  led  by  D.  M.  Buck,  Chief  Chemist,  American  Sheet  &  Tin 
Plate  Company. 

With  the  exception  of  the  first  paper  named,  the  Structural  Sec¬ 
tion  has  pursued  throughout  the  year  the  study  of  materials  of  con¬ 
struction,  with  considerable  profit  and  benefit  to  the  members  and 
with  the  result  of  co-ordinating  for  future  use  information  in  the 
various  lines  discussed.  The  discussion  at  the  November  meeting  was 
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particularly  full  and  complete,  seventeen  members  and  visitors  taking 
part  therein. 

At  the  annual  meeting  held  January  2nd,  1912,  the  following 

officers  were  elected  for  the  ensuing  year: 

Chairman :  T.  J.  Wilkerson. 

Vice  Chairman :  Edward  Godfrey. 

* 

Directors:  Henry  Guliek,  Jr.,  Kenneth  Seaver,  W.  Archie  Weldin. 

Respectfully  submitted, 

R.  B.  Woodworth,  Chairman. 

The  canvass  of  ballots  cast  in  the  annual  election  was  reported 
by  the  tellers,  Messrs.  G.  L.  Taylor,  C.  G.  Landes  and  T.  L.  Farnham  as 


follows : 

James  0.  Handy,  for  President  . 261 

Sam’l  A.  Taylor,  for  Vice  President  . 259 

A.  E.  Frost,  for  Treasurer  . 259 

Alex.  L.  Hoerr,  for  Director  . 259 

Wm.  C.  Hawley,  for  Director . 260 


These  gentlemen  were  thereupon  declared  elected. 

The  retiring  President,  Walther  Riddle,  before  leaving  the  ros¬ 
trum  addressed  the  Society  as  follows: 

“As  my  term  as  President  of  the  Engineers’  Society  of  Western 
Pennsylvania  has  drawn  to  a  close,  I  have  felt  more  keenly  than  ever 
the  great  good  of  the  organization.  I  took  up  the  duties  of  the 
office  rather  reluctantly  as  my  work  keeps  me  away  from  the  down 
town  section  of  our  wonderful  city.  I  was  assured  by  the  Vice  Presi¬ 
dents,  Mr.  Handy,  and  Mr.  Grace,  and  the  other  members  of  the 
Board  of  Direction,  that  they  would  make  my  path  smooth.  They 
certainly  have  done  so.  The  efficient  work  of  Mr.  Hiles  as  Secretary 
has  had  its  effect,  and  I  feel  that  the  year  just  closing  has  been  a 
very  profitable  one  for  our  members. 

The  Society  is  in  a  healthy  condition  financially  and  socially.  Of 
the  twenty  years  during  which  I  have  been  a  member,  the  last  has  in 
some  ways  been  the  most  pleasant.  I  thank  you  all  for  your  loyal 
support  in  the  work  and  the  honor  which  you  have  done  me  in  having 
elected  me  to  serve  in  this  capacity.  I  shall  sink  back  upon  the  Past 
Presidents’  sofa  with  a  full  heart  and  wish  that  under  the  guidance 
of  my  well-beloved  successor  the  Society  may  grow,  increase  and 
prosper.” 

The  President-elect  then  greeted  the  Society  with  the  following 
words : 

Gentlemen  of  the  Society :  “I  appreciate  very  highly  the  honor 
which  you  are  bestowing  upon  me,  and  in  return  for  that  I  shall 
do  my  utmost  to  make  this  year  as  successful  as  some  of  the  years 
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already  passed,  and  in  order  to  do  that  it  will  take  determined  effort 
on  the  part  of  everyone.  I  am  sure  that  we  will  succeed.  We  have 
a  very  firm  foundation  to  build  upon  in  the  work  which  my  predeces¬ 
sors  have  done  and  which  you  have  done  with  them.  Perhaps  it  is 
not  unnatural  that  you  should  choose  another  chemist  as  your  presi¬ 
dent,  when  you  have  had  such  an  excellent  one  the  past  year.  These 
matters  are  somewhat  risky.  I  hope  you  have  not  taken  too  much  risk 
in  this  case.” 

It  was  moved  by  Elmer  K.  Hiles  and  carried  that  the  President 
be  authorized  to  appoint  a  membership  committee. 

No  further  business  coming-  before  the  Society  the  retiring  Presi¬ 
dent,  Walther  Riddle  addressed  the  Society  on  “Protective  Coatings.” 

The  meeting  adjourned  at  10  :10  P.  M. 

Elmer  Iv.  Hiles,  Secretary. 


STRUCTURAL  SECTION 

The  Annual  Meeting  of  the  Structural  Section  of  the  Engineers’ 
Society  of  Western  Pennsylvania,  was  held  in  the  Society  rooms, 
Oliver  Building,  Pittsburgh,  Tuesday  , January  2nd,  1912,  at  8:00  P.  M., 
Chairman  R.  B.  Woodworth  presiding,  54  members  and  visitors  being 
present. 

The  minutes  of  the  last  Annual  Meeting,  held  January  3rd,  1911, 
were  read  and  approved  and  the  Xominating  Committee  presented  the 
following  report : 

Chairman,  T.  J.  Wilkerson 

Vice  Chairman,  Edward  Godfrey 

i  Henry  Gulick, 

Directors,  <  Kenneth  Seaver, 

(  W.  A.  Welding. 

Xo  other  nominations  being  made  the  Secretary  was  instructed 
to  cast  the  unanimous  ballot  for  the  members  nominated,  who  were 
thereupon  declared  elected. 

The  Chairman  appointed  Mr.  A.  Stueki  to  escort  Chairman-elect 
Wilkerson,  to  the  chair,  who  addressed  the  Section  as  follows : 

“Gentlemen :  I  hardly  know  how  to  express  my  thanks  for  the 
confidence  which  you  have  reposed  in  me.  But,  like  our  retiring  Chair¬ 
man,  I  want  to  ask  you  one  and  all  to  lend  every  assistance  vou  can 
toward  making  the  coming  year  as  successful  as  the  last  year  has  been. 
I  realize  that  I  am  not  as  able  to  carry  on  the  work  as  the  retiring 
Chairman,  but  with  your  aid  I  shall  endeavor  to  do  the  very  best  I 
can.  I  thank  you.” 

There  being  no  further  business  the  Annual  Meeting  adjourned 
at  8:20  P.  M. 
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The  regular  bi-monthly  meeting  of  the  Structural  Section  was  called 
to  order  at  8:21  P.  M.,  Chairman  Wilkerson  presiding,  .'>4  mem¬ 
bers  and  visitors  being  present. 

The  minutes  of  the  last  meeting  held  November  7.  1911,  were 
read  and  approved. 

No  further  business  coming  before  the  Section,  the  address  of 
the  retiring  Chairman,  “Historical  Notes  on  Metallic  Beams  and 
Garders,”  was  presented  by  R.  K.  Woodworth. 

The  ensuing  discussion  was  participated  in  by  Messrs.  A.  Stucki. 
Lee  C.  Moore  and  R.  B.  Woodworth. 

The  meeting  adjourned  at  10:00  P.  M. 

Elmer  K.  lliles,  Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania,  was  held  in  the  Soviet v 
rooms,  Oliver  Building,  Pittsburgh,  January  nth,  1912,  at  4:45  P.  M., 
Vice  President  Handy  presiding,  Messrs.  Raymer,  Mott,  Grace,  Frost 
and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting,  held  December  8tli, 
1911,  were  read  and  approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  Board  on  De¬ 
cember  8th,  1911,  were  duly  elected  to  membership: 


Bishop,  Frederick  L. 
•Coolidge,  George  C. 
Skewis,  J.  R.,  Jr. 
Wilkinson,  R.  II.,  Jr. 


ACTIVE 

Brosius,  E.  E. 

Paris,  J.  M. 
Summers,  Edgar  W. 
Woodruff,  M.  B. 


ASSOCIATE 

Hull,  Wallace  R. 


JUNIOR 

Abel,  E.  A. 


Everhart,  S.  I). 
Hugo,  Victor 


JUNIOR-STUDENT 

Hallockf  John  W.  W. 
Jackson,  J .  E. 


Emil  Hallgren,  who  joined  the  Society  in  February  1891,  was 
reinstated  to  Active  membership. 

Applications  were  received  from  the  following  gentlemen  and  their 
names  ordered  published  to  the  Society: 
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ACTIVE 

Carten,  C.  N. 

Dowles,  H.  P. 

Garratt,  Frank 
Heady,  T.  B. 

Leahy,  F.  E. 

O’Hagan,  C.  F. 

Thompson,  F.  E. 

Young,  R.  A. 

ASSOCIATE 

Newsome,  Edgar  T. 

JUNIOR 

Clark,  J.  A. 

Hopkins,  R.  L. 

Wallace,  Robert  L. 

The  report  of  the  Secretary  showing  the  financial  condition  of 
the  Society  a  tclose  of  business  December  31st,  1911,  having  been 
previously  audited  by  the  Finance  Committee,  was  approved  and  bills 
ordered  paid. 

The  Secretary  introduced  the  matter  of  the  purchase  of  an  ad¬ 
ditional  typewriter  and  desk  and  was  authorized  to  make  these  pur¬ 
chases. 

The  Secretary  presented  a  letter  from  Charles  L.  Fay,  Secre¬ 
tary  of  the  Coal  Mining  Institute  of  America,  advising  of  a  vote  of 
appreciation  of  the  members  of  the  Coal  Mining  Insttute  of  America 
for  the  courtesy  extended  to  them  during  their  winter  meeting,  which 
was  held  in  the  rooms  of  the  Society. 

The  Secretary  read  a  letter  of  appreciation  from  Mrs.  J.  M. 
Murdock,  President  of  the  Ladies  Aid  Society  of  the  Franklin  Street 
M.  E.  Church,  Johnstown,  thanking  the  Society  for  the  moneys  pre¬ 
sented  to  them  amounting  to  $108.68,  which  was  subscribed  by  the 
participants  in  the  inspection  trip  to  the  Cambria  Steel  Company’s 
Works. 

Adjourned  at  5 :50  P.  M. 


Batchelor,  E.  C. 
Cole,  John  S. 
Gasche,  F.  G. 
Johnston,  J.  S. 
Downing,  T.  S. 
Marshall,  S.  M. 
Terry,  Chas.  D. 


Bacon,  A.  D.,  Jr. 
Hibben,  S.  G. 


Elmer  K.  Hiles,  Secretary. 
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REGULAR  MONTHLY  MEETING 

The  317th  regular  monthly  meeting  of  the  Engineers’  Society  ot 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Build¬ 
ing,  Pittsburgh,  Saturday  evening,  February  24th,  1912,  at  8:10 
P.  M.,  President  Handy  presiding,  208  members  and  visitors  beitiu: 

present. 

The  minutes  of  the  last  regular  meeting  held  December  19th. 
1911,  were  read  and  approved. 

The  Board  of  Direction  reported  the  election  of  fifteen  Active 
members,  one  Associate,  and  five  Juniors,  and  two  reinstatements;  also 
the  receipt  of  six  applications  for  Active  membership,  two  for  As¬ 
sociate,  three  for  Junior  and  one  for  the  Junior-Student  grade. 

No  further  business  coming  before  the  Society  the  paper  of  the 
evening,  “The  Electric  Furnace  Production  of  Pig  Iron  and  Pig  Steel,” 
was  read  by  Prof.  Joseph  W.  Richards,  Professor  of  Metallurgy  at 
Lehigh  University. 

The  ensuing  discussion  was  participated  in  by  Messrs.  Jas.  (). 
Handy,  F.  T.  Snyder,  Frank  Garratt,  H.  C.  Cronemeyer,  Prof.  F.  C. 
Phillips,  Prof.  S.  L.  Goodale,  and  Dr.  Jos.  W.  Richards. 

A  rising  vote  of  thanks  was  tendered  Dr.  Richards  for  his  unusu¬ 
ally  interesting  paper. 

The  meeting  adjourned  at  10:09  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


MECHANICAL  SECTION 

The  Annual  Meeting  of  the  Mechanical  Section  of  t lie  Engineers' 
Society  of  Western  Pennsylvania,  was  held  in  the  Society  rooms,  Oliver 
Building,  Pittsburgh,  Tuesday,  February  6th,  1912,  at  8:29  P.  M.. 
Chairman  Hoerr  presiding,  48  members  and  visitors  being  present. 

The  minutes  of  the  last  Annual  Meeting  were  read  and  approved. 

The  report  of  the  Nominating  Committee  was  presented  as  fol¬ 
lows  : 

February  6th,  1912. 

To  the  Chairman  and  Members  of  the 
Mechanical  Section  of  the 

Engineers’  Society  of  W.  Pa. 

Gentlemen  : 

Your  Nominating  Committee  beg  to  make  the  following  report 
of  nominees  covering  the  several  olliees  in  the  Section  for  the  year  1912 
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Chairman,  W.  E.  Snyder, 

Vice  Chairman,  Geo.  H.  Neilson, 

i  F.  B.  Hufnagel, 

Directors,  )  A.  H.  Helander, 

(  R.  A.  L.  Snyder. 

Respectfully  submitted, 

(Signed) 

John  A.  Hunter, 

Edwin  H.  Haslam, 

Henry  M.  Wilson. 

On  motion  the  Secretary  was  requested  to  cast  a  unanimous  bal¬ 
lot  for  the  gentlemen  nominated  who  were  there-upon  declared 
elected. 

The  Chairman-elect  then  took  the  chair  and  the  minutes  of  the 
last  regular  meeting  were  read  and  approved. 

The  address  of  the  Retiring  Chairman  on  “Notes  on  the  Develop¬ 
ment  of  Engineering  Supervision  of  Steel  Making  Plants,”  was  pre¬ 
sented  by  A.  L.  Hoerr. 

The  ensuing  discussion  was  participated  in  by  Messrs.  Moore, 
Danfortli,  Hiles,  Stucki,  Albree,  Niemann,  Handy,  Sampson,  W.  E. 
Snyder  and  G.  T.  Snyder. 

The  meeting  adjourned  at  10 :45  P.  M. 

Elmer  K.  Hiles, 

-  Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers*  Society  of  Western  Pennsylvania,  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Friday,  February  9th,  1912,  at 
4:55  P.  M.,  President  Handy’  presiding,  Messrs.  Morse,  Stucki,  Duff, 
Hawley,  Hoerr,  Wilkerson  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  January  5th,  were 
read  and  approved. 

The  applications  of  the  following  gentlemen,  having  been  regu¬ 
larly  published  to  the  Society,  pursuant  to  the  action  of  the  Board  on 
January  5th,  were  duly  elected  to  membership: 


Batehelar,  E.  C., 
Cole,  John  S., 
Downing,  T.  S., 
Gasche,  F.  G., 
Johnston,  J.  S., 
Marshall,  S.  M., 
Terry,  Charles  D., 


ACTIVE 

Carten,  C.  N., 
Dowler,  H.  P., 
Garratt,  Frank, 
Heady,  T.  B., 
Leahy,  F.  E., 
O’Hagan,  C.  F., 
Thompson,  F.  E., 
Young,  R.  A. 
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ASSOCIATE 

Newsome,  Edgar  T. 

JUNIOR 

Bacon,  A.  D.  Jr.,  Hibben,  S.  G., 

Clark,  J.  A.,  .  Hopkins,  R.  L., 

Wallace,  Robert  B. 

REIN  STATEM  ENTS 

Hopke,  Theodore  M.,  was  a  member  from  1887  to  1893. 
Lavell,  T.  M.,  joined  in  March  1903,  resigned  Sept.  1909. 


Applications  were  received  from  the  following  gentlemen  and 
their  names  ordered  published  to  the  Society: 


Goodspeed,  George  M., 
McCulloch,  John  A., 
Sampson,  J.  M., 

Bowers,  E.  C., 


active  . 

Kunkle,  Charles  E., 
Ray,  Horatio  C., 
Williams,  Howard  C. 

ASSOCIATE 

Taliaferro,  Thos.  L. 


Cummins,  Allen  C., 


JUNIOR 

Eckstein,  Jacob  E., 
Scott,  Walter  V. 


JUNIOR-STUDENT 

Goehmaner,  Harry7  W. 

The  report  of  the  Secretary,  showing  the  financial  condition  of  the 
Society  at  close  of  business,  Jan.  31,  1912,  having  been  previously 
audited  by  the  Finance  Committee,  was  approved  and  bills  ordered 
paid. 

Mr.  Elmer  K.  Hiles  was  re-elected  Secretary  of  the  Society. 

The  matter  of  changing  the  day  for  Board  meetings  in  order  to 
meet  the  necessity  of  some  members  of  the  Board,  was  considered 
and  it  was  ordered  that  future  meetings  be  held  on  the  Monday  falling 
eight  days  before  the  regular  Society  meeting,  at  4:45  l*.  M. 

President  Handy  presented  a  report  for  the  Committee  on  Medal 
Awards,  advising  that  the  Committee  had  not  considered  it  advisable 
to  recommend  the  award  of  any  medals  this  year.  The  report  was 
accepted. 

A  letter  transmitting  the  following  resolution  passed  by  the  En¬ 
gineers’  Club  of  Philadelphia  was  read : 


WHEREAS,  the  failure  of  the  Bayliss  Pulp  and  Paper  Company’s 
Dam  on  Freeman’s  Creek  above  Austin,  Pa.,  on  September  30th,  1911. 
calls  attention  to  the  importance  of  insuring  the  safety  of  such  struc¬ 
tures  where  failure  is  a  serious  menace  to  human  life.  Therefore,  be  it 
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RESOLVED,  Thai  such  structures  should  be  entrusted  only  to 
engineers  of  ability  and  eperience,  who  should  have  constant  super¬ 
vision  of  every  phase  of  the  construction ;  and  be  it  further 

RESOLVED,  that  the  Governor  of  the  State  is  therefore 
requested  to  call  together  a  special  Commission  of  competent  en¬ 
gineers,  aided  by  legal  talent,  to  frame  comprehensive  regulations  pro¬ 
viding  for  the  creation  of  a  permanent  State  Department  of  Public 
Works,  to  be  composed  of  bureaus  so  constituted  that  their  jurisdic¬ 
tions  should  cover  not  only  the  construction  of  dams,  but  all  other 
engineering  contingencies  likely  to  arise  in  the  near  future. 

After  discussion  the  matter  was  referred  to  the  following  com- 
mttee  who  were  authorized  to  consult  other  members  of  the  Society  if 
they  so  desire  before  preparing  their  report:  E.  K.  Morse,  Chairman, 
A.  R.  Ravmer.  W.  C.  Hawley. 

%s  J 

A  letter  from  W.  M.  Welch,  who  was  a  delegate  representing 
the  Society  at  the  last  meeting  of  the  National  Conservation  Con¬ 
gress,  transmitting  a  letter  from  Thomas  R.  Ship,  Executive  Secre¬ 
tary,  of  the  Congress,  requesting  this  Society  to  appoint  our  represent¬ 
ative  on  the  Advisory  Board,  was  read.  It  was  moved  that  Mr. 
Thomas  H.  Johnston  be  appointed  as  representative  of  this  Society 
on  the  Advisory  Board. 

The  Secretary  presented  an  invitation  from  the  Academy  of 
Natural  Science  of  Philadelphia,  requesting  our  Society  to  appoint 
a  representative  at  the  celebration  of  its  centennial  anniversary  in 
Philadelphia  on  the  19th,  20th  and  21st  of  March.  Mr.  James  Mapes 
Dodge,  an  Honorary  Member  of  the  Society  was  appointed  as  delegate 
to  represent  the  Society  at  the  celebration. 

The  meeting  adjourned  at  5  :50  P.  M. 

Elmer  K.  Hiles, 

Secretary. 
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REGULAR  MONTHLY  MEETING 

The  317th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Building, 
Pittsburgh,  Tuesday,  March  19,  1912,  at  8:20  P.  M.,  President  James 
0.  Handy  presiding,  160  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  February  26th,  1912, 
were  read  and  approved. 

The  Board  of  Direction  reported  the  election  of  ten  Active  mem¬ 
bers,  one  Associate  and  two  Juniors;  also  the  receipt  of  ten  appli¬ 
cations  for  Active  membership,  two  for  the  Associate  and  one  for 
the  Junior  grades. 

President  Handy  announced  the  appointment  of  the  following 
members  of  the  Society  on  the  Committee  on  Efficient  Smokeless  Com¬ 
bustion  : 

W.  E.  Snyder,  Chairman, 

S.  B.  Flagg, 

A.  L.  Hoerr, 

H.  W.  Craver, 

J.  A.  Hunter, 

D.  F.  Crawford, 

J.  M.  Graves. 

No  further  business  coming  before  the  Society  the  paper  of  the 
evening,  “Safety  Considerations  in  Industrial  Engineering”,  was  pre¬ 
sented  by  David  S.  Beyer,  Chief  Safety  Inspector  of  the  American 
Steel  &  Wire  Company. 

The  ensuing  discussion  was  participated  in  by  George  F.  Downs, 
General  Mgr.,  Lackawanna  Steel  Co.,  Buffalo,  N.  Y.  (in  absentia) ; 
Robert  J.  Young,  Manager  Dept.  Safety  &  Relief,  Illinois  Steel  Com¬ 
pany,  South  Chicago,  Ills,  (in  absentia) ;  J.  R.  Brownell,  Chief  Safety 
Inspector,  Pennsylvania  Steel  Co.;  Stewart  Marshall,  Asst.  Chief  En¬ 
gineer,  Cambria  Steel  Company,  Johnstown,  Pa.;  Albert  Kingsbury, 
Consulting  Engineer;  W.  E.  Snyder,  Mechanical  Engineer,  American 
Steel  &  Wire  Co.;  L.  R.  Palmer,  Chief  Safety  Inspector,  Jones  & 
Laughlin  Steel  Company;  Ward  Bonsall,  Attorney;  David  S.  Beyer. 

The  meeting  adjourned  at  11:01  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


STRUCTURAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania,  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Tuesday,  March  5th,  1912,  at 
8:15  P.  M.,  Chairman  T.  J.  Wilkerson  presiding,  107  members  and 
visitors  being  present. 
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The  minutes  of  the  last  regular  meeting  held  January  2nd,  were 
read  and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening,  “Recent  Practice  in  Reinforced  Concrete  Bridge  Building 
in  the  City  of  Pittsburgh”,  was  read  by  John  A.  Ferguson,  Asst.  Engr., 
Bureau  of  Construction,  Department  of  Public  Works. 

The  ensuing  discussion  was  participated  in  by  Messrs.  Emil 
Swensson,  N.  S.  Sprague,  Prof.  H.  R.  Thayer,  V.  R.  Coveil,  S.  L. 
Fuller,  Edward  Godfrey  and  John  A.  Ferguson. 

The  meeting  adjourned  at  10:23  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania,  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Monday,  March  11th,  1912,  at 
4 :55  P.  M.,  President  Handy  presiding,  Messrs.  Raymer,  Hawley, 
Stucki,  Duff,  Mott,  Taylor  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting,  held  February  9th,  were 
read  and  approved. 

The  applications  of  the  following  gentlemen,  having  been  regularly 
published  to  the  Society,  pursuant  to  the  action  of  the  Board  on  Feb¬ 
ruary  9th,  were  duly  elected  to  membership : 


ACTIVE 

Goodspeed,,  George  M.,  Kunkle,  Charles  E., 

McCulloch,  John  A.,  Ray,  Horatio  C., 

Sampson,  J.  M.,  Williams,  H.  C. 


Bowers,  E.  C., 
Cummins,  Alden  C., 


ASSOCIATE 

Taliaferro,  T.  L. 

junior 

Eckstein,  Jacob  E., 

Scott,  Walter  V. 

&  . 

JUNIOR-STUDENT 

Gochmaner,  Harry  W. 

Applications  were  received  from  the  following  gentlemen  and  their 
names  ordered  published  to  the  Society: 


Boynton,  Arthur  J., 
Grayson,  Sydney  A., 
McBride,  Olin  R., 
Tucker,  Henry  L., 
Watts,  J.  H., 


ACTIVE 

Graves,  James  M., 
Jett,  Carter  C., 
Polhemus,  D.  A., 
Querbach,  Earl, 
Licht,  J.  C. 
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ASSOCIATE 

Keller,  M.  Arthur. 
junior 

Fritze,  Lucius  A.,  Seldon,  Henry  W. 

The  report  of  the  Secretary,  showing  the  financial  condition  of 
the  Society  at  close  of  business,  February  29th,  1912,  having  been  pre¬ 
viously  audited  by  the  Finance  Committee,  was  approved  and  bills 
ordered  paid. 

The  matter  of  ventilating  the  Auditorium  was  taken  up  and  the 
Secretary  reported  that  he  had  consulted  with  one  or  two  men  familiar 
with  matters  of  ventilation,  suggesting  to  them  the  placing  of  a  large 
\entilating  opening  in  the  rear  wall  of  the  Auditorium  close  to  the 
ceiling,  opening  on  the  stair-way  leading  to  the  roof,  which  opening 
in  connection  with  the  opening  over  the  lantern  screen  leading  to  the 
concealed  window,  would  have  the  effect  of  removing  most  of  the 
smoke  from  the  Auditorium  on  meeting  nights.  The  Secretary  reported 
further  that  the  management  of  the  Oliver  Building  were  willing  to 
cut  the  opening  and  place  the  ventilator  as  suggested.  The  matter 
was  referred  to  the  House  Committee,  with  power  to  act. 

The  Secretary  again  introduced  the  matter  of  the  appointment 
of  a  delegate  to  the  Sixth  Congress  of  the  International  Asociation  for 
Testing  Materials,  to  be  held  in  New  York  City,  beginning  September 
3,  1912.  The  Board  appointed  President  James  0.  Handy  as  delegate 
representing  the  Society. 

The  Secretary  reported  the  receipt  of  a  letter  from  James  Mapes 
Dodge,  accepting  his  appointment  as  delegate  to  the  Centennial  Cele¬ 
bration  of  the  Academy  of  Natural  Sciences,  Philadelphia,  and  also 
a  letter  from  Thos.  H.  Johnson,  accepting  his  appointment  as  repre¬ 
sentative  of  our  Society  on  the  Advisory  Board  of  the  National  Con¬ 
servation  Congress. 

Adjourned  at  6:00  P.  M. 

Elmer  K.  Hiles, 

Secretary . 
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REGULAR  MONTHLY  MEETING 

The  318th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Building, 
Pittsburgh,  Tuesday,  April  16,  1912,  at  8:20  P.  M.,  President  James 
0.  Handy  presiding,  82  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting,  held  March  19th,  1912, 
were  read  and  approved. 

The  Board  of  Direction  reported  the  election  of  ten  Active  mem¬ 
bers,  one  Associate  and  two  Juniors;  also  the  receipt  of  ten  applica¬ 
tions  for  Active  membership,  two  for  the  Associate  and  two  for  the 
Junior  grade. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening,  “An  Improved  Method  of  Drying  Air  for  Blast  Furnaces,” 
was  presented  by  Bruce  Walter,  Dry  Blast  Engineer,  Carnegie  Steel 
Company. 

The  ensuing  discussion  was  participated  in  by  W.  H.  Carrier, 
Chief  Engineer,  Carrier  Air  Conditioning  Company,  Buffalo,  N.  Y. ; 
J.  B.  Ladd,  Consulting  Engineer,  Philadelphia,  Pa.;  S.  M.  Marshall, 
Assistant  Chief  Engineer,  Cambria  Steel  Company,  Johnstown,  Pa.; 
Prof.  S.  L.  Goodale,  Prof,  of  Metallurgy7,  University  of  Pittsburgh; 
E.  D.  Leland,  Supt.  Compressing  Stations,  Philadelphia  Company, 
Pittsburgh;  J.  I.  Lyle,  Manager,  Carrier  Air  Conditioning  Company, 
New  York  City;  Louis  Block,  Consulting  Engineer,  New  York  City, 
and  Bruce  Walter. 

The  meeting  adjourned  at  10:12  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


MECHANICAL  SECTION 

The  regular  by-monthly  meeting  of  the  Mechanical  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Tuesday,  April  2nd,  1912,  at  8:15 
P.  M.,  Chairman  W.  E.  Snyder  presiding,  140  members  and  visitors 
being  present. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

No  further  business  coming  before  the  Section  the  paper  of  the 
evening,  “Practical  Pyrometry  in  the  Iron  and  Steel  Industries,”  was 
presented  by  S.  H.  Stupakoff,  Engineer  and  Physicist  of  the  Stupakoff 
Laboratories. 

The  ensuing  discussion  was  participated  in  by  the  following  gen¬ 
tlemen  :  H.  C.  Laudenbeck,  Chief  Chemist,  Westinghouse  Air  Brake 
Company,  Wilmerding,  Pa.;  F.  Gelstharp,  Chief  Chemist,  Pittsburgh 
Plate  Glass  Co.;  Prof.  C.  P.  Linville,  Professor  of  Metallurgy,  Penn¬ 
sylvania  State  College;  C.  E.  Skinner,  Engineer,  Research  Division, 
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Westinghouse  Elec.  &  Mfg.  Co.;  A.  F.  T.  Wolff,  Chief  Engineer,  Edgar 
Thomson  Works,  Carnegie  Steel  Company;  W.  B.  Driver,  President, 
Driver-Harris  Wire  Co.,  Newark,  N.  J. ;  S.  A.  Grayson,  General  Mgr., 
Jessop  Steel  Company,  Washington,  Pa.;  Herman  Holz,  Dept.  Man¬ 
ager,  Scientific  Materials  Co.,  and  S.  H.  Stupakoff. 

The  meeting  adjourned  at  11 :00  P.  M. 

Elmer  K.  Hiles, 

,  Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania,  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Monday,  April  8,  1912,  at  4  :J2 
P  .M.,  President  Handy  presiding,  Messrs.  Raymer,  Morse,  Duff, 
Hoerr,  Mott,  Frost  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting,  held  March  11,  1912, 
were  read  and  approved. 

The  applications  of  the  following  gentlemen,  having  been  regu¬ 
larly  published  to  the  Society,  pursuant  to  the  action  of  the  Board 
on  March  lltli,  were  duly  elected  to  membership : 

active 

Graves,  James  M. 

Jett,  Carter  C. 

Polhemus,  D.  A. 

Querbach,  Earl 
Licht,  J.  C. 

ASSOCIATE 

Keller,  M.  Arthur. 

JUNIOR 

Fritze,  Lucus  A.  Seldon,  Henry  W. 

Applications  were  received  from  the  following  gentlemen  and 
their  names  ordered  published  to  the  Society: 


Boynton,  Arthur  J. 
Grayson,  Sydney  A. 
McBride,  Olin  R. 
Tucker,  Henry  L. 
Watts,  J.  IT. 


Beyer,  David  S. 
Cromwell,  John  C. 
Dougherty,  J.  W. 
Leete,  J.  H. 
Sheperdson,  J.  W. 

Kirk,  D.  M. 


ACTIVE 

Clark,  W.  W. 

Hanna,  Charles  E. 

Hood,  0.  P. 

McMillen,  A.  K. 

Stevenson,  M.  R. 

ASSOCIATE 

Provost,  G.  W. 

JUNIOR 

Buka,  Simeon. 
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The  Secretary  reported  the  following  deaths: 

F.  Warren  Kay,  a  Junior  member,  who  joined  Society  in  April  1919; 
died  Sept.  9,  1911. 

Morris  Rogaliner,  who  joined  Society  in  March  1903;  died  March  18, 

1912. 

The  report  of  the  Secretary,  showing  the  financial  condition  of 
the  Society  at  close  of  business,  March  30,  1912,  having  been  pre¬ 
viously  audited  by  the  Finance  Committee,  was  approved  and  bills 
ordered  paid. 

President  Handy  announced  that  the  Eighth  International  Con¬ 
gress  of  Applied  Chemistry  would  hold  its  next  meeting  in  New  York 
early  in  the  month  of  September,  advising  that  a  local  committee  had 
been  formed  to  provide  for  t he  proper  entertainment  of  the  large 
number  of  members  of  the  Congress  who  would  visit  Pittsburgh 
during  September  in  the  course  of  a  tour  of  the  country.  President 
Handy  stated  that  the  Local  Committee  had  elected  Elmer  K.  Hiles 
as  its  Secretary  who  was  quite  willing  to  assist  in  the  work  provided 
it  does  not  interfere  too  much  with  the  work  of  our  own  Societv. 
The  Board  approved  having  the  Secretary  of  the  Society  engage  in 
work  of  this  nature. 

The  Secretary  presented  a  letter  from  John  H.  Leete,  Dean  of 
the  School  of  Applied  Sciences  of  the  Carnegie  Technical  Schools 
bearing  on  the  matter  of  the  appointment  of  a  committee  by  the 
Society  to  prepare  competitions  to  be  participated  in  by  students  of 
various  engineering  schools.  The  matter  was  laid  over  until  the  next 
meeting  of  the  Board  and  the  Secretary  requested  to  forward  copies 
of  Dean  Leete’s  letter  to  the  members  of  the  Board. 

The  meeting  adjourned  at  6:20  P.  M. 

Elmer  K.  IIiles, 

Secretary. 
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REGULAR  MONTHLY  MEETING 

The  319th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Building, 
Pittsburgh,  Tuesday,  May  21st,  1912  at  8:20  P.  M.,  President  James  0. 
Handy  presiding,  77  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  April  16th,  1912 
were  read  and  approved. 

The  Board  of  Direction  reported  the  election  of  ten  Active  mem¬ 
bers,  two  Associates  and  one  Junior;  the  reinstatement  of  four  men  in 
membership;  also  the  receipt  of  seven  applications  for  Active  Mem¬ 
bership  and  two  for  the  Associate  grade. 

It  was  moved  and  carried  unanimously  that  a  vote  of  thanks  be 
extended  to  the  officers  of  the  Carnegie  Steel  Company,  Ohio  Works, 
the  Youngstown  Sheet  &  Tube  Company,  and  the  Republic  Rubber 
Company  for  the  enjoyable  inspection  trip  arranged  for  the  members 
of  the  Society  through  their  works  in  Youngstown  on  Saturday,  May 
18th. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  “By-Product  Coke  Ovens”  was  presented  by  E.  W.  Hartman, 
Managing  Engineer,  H.  Koppers  Company,  Chicago. 

The  ensuing  discussion  was  participated  in  by  J.  R.  Campbell, 
Chief  Chemist,  H.  C.  Frick  Coke  Company,  Scottdale,  Pa. ;  F.  F. 
Marquard,  Supt.  Coke  Dept.,  South  Sharon  Works,  Carnegie  Steel 
Company,  South  Sharon,  Pa.;  E.  W.  Parker,  Statistician,  U.  S.  Geo¬ 
logical  Survey,  Washington,  D.  C.;  Dr.  Richard  Moldenke,  Watchung, 
N.  J. ;  Dr.  F.  Schniewind,  President,  United  Coke  &  Gas  Co.,  New 
York,  N.  Y. ;  J.  L.  Haehnlen,  Supt.  Coke  Dept.,  Woodward  Iron  Co., 
Woodward,  Ala.;  J.  W.  Dougherty,  President,  Pittsburgh  Crucible 
Steel  Co.,  Pittsburgh,  Pa.;  Edwin  A.  Moore,  President,  American  Coke 
&  Gas  Co.,  Camden,  N.  J. ;  Dr.  H.  C.  Porter,  Chemist,  U.  S.  Bureau  of 
Mines,  Pittsburgh,  Pa.;  A.  W.  Belden,  Engineer,  U.  S.  Bureau  of 
Mines,  Pittsburgh,  Pa.;  I.  C.  Allen,  Petroleum  Chemist,  U.  S.  Bureau 
of  Mines,  Pittsburgh,  Pa.;  W.  L.  Affelder,  General  Manager,  Bulger 
Block  Coal  Company,  Bulger,  Pa.;  F.  C.  Keighley,  Consulting  Engi¬ 
neer,  Uniontown,  Pa.;  Willard  0.  White,  Consulting  Engineer,  Un- 
iontown,  Pa.;  R.  T.  Hapgood,  Inspecting  Engineer,  Guliek,  Henderson 
Company,  Pittsburgh,  Pa. 

The  meeting  adjourned  at  10 :15  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


26  PROCEEDINGS  ENGINEERS*  SOCIETY  WESTERN  PENNA. 


STRUCTURAL  SECTION 


The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
Rooms,  Oliver  Building,  Pittsburgh,  Tuesday,  May  7th,  1912  at  8:18 
P.  M.,  Chairman  T.  J.  Wilkerson  presiding,  190  members  and  visitors 
being  present. 

The  minutes  of  the  last  regular  meeting  held  March  5th  were  read 
and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  “Failures  of  Reinforced  Concrete  Structures”  was  read  by 
Edward  Godfrey,  Structural  Engineer  with  Robert  W.  Hunt  &  Com¬ 
pany. 

The  ensuing  discussion  was  participated  in  by:  Emile  G.  Perrot, 
Consulting  Engineer,  Ballinger  &  Perrot,  Philadelphia,  Pa.;  F.  H. 
Kindi,  Consulting  Engineer;  Edward  Stotz,  Architect;  C.  R.  Irvin, 
Consulting  Engineer,  Irvin  &  Witherow;  E.  M.  Hunting,  Consulting 
Engineer,  Hunting  &  Davis;  J.  N.  Chester,  Consulting  Engineer,, 
Chester  &  Fleming;  Herman  Laub,  Consulting  Engineer;  Edward  God¬ 
frey. 

The  meeting  adjourned  at  11 :00  P.  M. 


Elmer  K.  Hiles 


Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Soc-eity  of  Western  Pennsylvania,  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Monday,  May  13th,  1912,  at  4:58 
P.  M.,  President  Handy  presiding,  Messrs.  Mott,  Stucki,  Grace,  Tay¬ 
lor,  Morse,  Duff,  Raymer,  Hoerr  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  April  8th,  were  ap¬ 
proved. 

The  applications  of  the  following  gentlemen,  having  been  regu¬ 
larly  published  to  the  Society,  pursuant  to  the  action  of  the  Board 
on  AiDril  8th,  were  duly  elected  to  membership : 


ACTIVE 


Beyer,  David  S., 


Clark,  W.  W., 
DoughertjL  J.  W., 
Hood,  0.  P., 
McMilleu,  A.  K., 


Cromwell.  John  C., 
Hanna,  Charles  E., 
Leete,  J.  H., 


Shepherdson,  J.  W., 


Stevenson,  M.  R. 


ASSOCIATE 


Kirk,  D.  M., 


Provost,  G.  W. 


JUNIOR 

Buka,  Simeon 
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Requests  for  reinstatements  were  received  from  the  following 
gentlemen,  and  their  names  ordered  placed  on  the  Society  rolls: 
Bachtel,  Samuel  R.,  joined  Sept.  1903;  resigned  Jany.  1908. 
Edwards,  A.  D.,  joined  Feby.  1901;  resigned  Jany.  1904. 
Haggart  C.  N.,  joined  Oct.  1903;  resigned  Dec.  1908. 

Hunting,  E.  N.,  joined  Oct.  1905;  resigned  Jany.  1908. 
Applications  were  received  from  the  following  gentlemen  and  their 
names  ordered  published  to  the  Society: 


ACTIVE 


Boyd,  John  R., 
Smith,  August  C., 
Clark,  Donald  G., 


Brown,  Harry  D., 
Sehuchman,  B.  F., 
Linville,  C.  P., 
Stutz,  Ernest 

ASSOCIATE 


Hall,  Oscar  E.,  *  Jackman,  David  E. 

The  death  of  Hugh  A.  Reed  was  announced;  Mr.  Reed  joined 
the  Society  in  June,  1893,  and  died  April  23,  1912. 

The  report  of  the  Secretary,  showing  the  financial  condition  of 
the  Society  at  close  of  business,  April  30th,  1912,  having  been  prev¬ 
iously  audited  by  the  Finance  Committee,  was  approved  and  bills  order¬ 
ed  paid. 

Mr.  E.  K.  Morse  introduced  the  matter  of  placing  a  time  limit 
on  oral  discussion  of  paper  at  meetings  of  the  Society  and  its  Sec¬ 
tions,  and  offered  a  resolution  that  oral  discussion  by  any  one  speaker 
at  any  meeting  of  the  Society  or  its  sections,  be  limited  to  ten  min¬ 
utes,  at  which  time  the  Chairman  of  the  meeting  shall  let  his  gavel 
fall.  An  additional  five  minutes  may  be  accorded  the  speaker  pres¬ 
enting  discussion  if  the  majority  of  the  members  of  the  Society  at  the 
meeting  so  vote.  After  discussion  it  was  ordered  that  Mr.  Morse’ 
resolution  be  incorporated  in  the  rules  of  the  Society. 

The  Secretary  presented  a  letter  from  II.  M.  Wilson,  Engineer 
in  Charge  of  the  Pittsburgh  Experiment  Station  of  the  Bureau  of 
Mines,  suggesting  that  this  society  undertake  to  hold  an  exhibition  of 
smoke  abatement  appliances,  similar  to  the  exhibition  held  in  the 
Royal  Agricultural  Hall  in  London,  March  23d  to  April  4th,  1912. 
The  matter  was  referred  to  the  Committee  on  Efficient  Fuel  Combus¬ 
tion  of  the  Society,  for  recommendation. 

The  letter  from  John  H.  Leete,  Dean  of  the  School  of  Applied 
Science,  of  the  Carnegie  Institute  of  Technology,  bearing  on  the  matter 
of  the  appointment  of  a  committee  by  the  Society  to  prepare  competi¬ 
tions  to  be  participated  in  by  students  of  various  engineering  schools, 
was  referred  to  a  committee  to  be  appointed  by  President  Handy  for 
recommendations. 

The  meeting  adjourned  at  6 :08  P.  M. 

Elmer  K.  IIiles,  Secretary. 
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SPECIAL  MEETING 


A  special  meeting  of  the  Engineers’  Society  of  Western  Penn¬ 
sylvania  was  held  in  the  Society  rooms  of  the  Oliver  Building,  Pitts¬ 
burgh.  Tuesday,  June  7th,  1912  at  8:30  P.  M.,  President  James  O. 
Handy  presiding,  65  members  and  visitors  being  present.  The  meet¬ 
ing  which  took  the  form  of  a  smoker  was  addressed  by  E.  K.  Morse, 
Chairman,  Engineering  Committee,  Flood  Commission  of  Pittsburgh. 


Mr.  Morse  gave  a  most  interesting  talk,  illustrated  with  numerous 
lantern  slides,  covering  the  recommendations  of  the  Flood  Commission, 
which  embraced  the  construction  of  seventeen  storage  reservoirs  and 
the  erection  of  a  low  wall  at  a  few  low  lvin£  portions  of  the  bank  of 
the  Allegheny  River. 


The  meeting,  which  was 
P.  M. 


entirely  informal,  adjourned  at  10:15 

Elmer  K.  Hills. 


Secretary. 


REGULAR  MONTHLY  MEETING 

The  320th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  Rooms  of  the  Oliver 
Building,  Pittsburgh,  Tuesday  June  18th,  1912  at  8:20  P.  M.,  Vice- 
President  S.  P.  Grace  presiding,  149  members  and  visitors  being  pres¬ 
ent. 

The  minutes  of  the  last  meeting  held  May  21st,  1912  were  read 
and  approved  ' 

The  Board  of  Direction  reported  the  election  of  seven  active  mem¬ 
bers,  two  Associates  and  the  reinstatement  of  two  men  to  the  Society 
rolls;  also  the  receipt  of  ten  applications  for  active  membership,  one 
for  the  Associate  and  two  for  the  Junior  grade. 

Xo  further  business  coming  before  the  Society,  the  paper  of  the 
evening  “Coal  Smoke  and  Its  Practical  Abatement”  was  presented  by 
J.  M.  Searle,  Chief  Smoke  Inspector  of  the  City  of  Pittsburgh,  Pa. 

Discussion  was  presented  by:  0.  Monnett,  Smoke  Inspector,  City 
of  Chicago,  Ill.;  John  Krause,  City  Treasurer,  formerly  Smoke  In¬ 
spector,  City  of  Cleveland,  Ohio.;  E.  P.  Roberts,  Smoke  Inspector,  City 
of  Cleveland.  O.;  Joseph  Harrington.  Chief  Engr.,  Green  Engineering 
Company,  Chicago,  Ill.;  W.  O.  Amsler,  Combustion  Engineer;  II  C. 
Cronemever,  Efficiency  Engineer,  Jones  &  Laughlin  Steel  Co.;  A. 
Stueki,  Consulting  Engr.;  S.  P.  Grace,  Supt.  of  Plant,  Central  District 
&  Printing  Tele.  Co.;  W.  E.  Porter.  Engineer,  Blake  Pulverizer  Co.; 
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Dr.  F.  C.  Phillips,  Professor  of  Chemistry,  University  of  Pittsburgh; 
W.  W.  Strong,  C.  H.  Day,  Elias  Chesrown,  P.  F.  Shuey,  B.  F.  Burman, 
and  J.  M.  Searle. 

The  meeting  adjourned  at  10 :54  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
Rooms,  Oliver  Building,  Pittsburgh,  Tuesday,  June  4th,  1912  at  8:18 
P.  M.,  Vice  Chairman  George  H.  Neilson  presiding,  96  members  and 
visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  April  2nd,  1912  were 
read  and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening,  “Compressing  Natural  Gas”  was  read  by  E.  D.  Leland,  Supt. 
Compressing  Stations,  Philadelphia  Company. 

The  ensuing  discussion  was  participated  in  by:  George  H.  Neilson, 
General  Manager,  Braeburn  Steel  Company;  L.  C.  Frohrieb,  Sec’y, 
Federal  Engineering  Company,  John  Glass,  Chief  Engr.,  Carnegie  Nat¬ 
ural  Gas  Co.,  Waynesburg,  Pa.;  F.  P.  Peterson,  Manager,  Penn  Gasoline 
Co.,  Grove  City,  Pa.;  Dr.  W.  0.  Snelling,  Consulting  Chemist;  G. 
A.  Burrell,  Chemist,  U.  S.  Bureau  of  Mines;  A.  J.  Schroth,  Presi¬ 
dent,  Empire  Mine  &  Mill  Supply  Co. ;  Henry  Wittmer,  President, 
American  Natural  Gas  Company;  F.  P.  Fisher,  Engineer,  George  T. 
Ladd  Company;  J.  W.  Macartney,  Manager,  Bessemer  Gas  Engine 
Company;  F.  C.  Lynch,  Educational  Dept.,  Westinghouse  Elec.  &  Mfg. 
Co.,  and  E.  D.  Leland. 

The  meeting  adjourned  at  10 :54  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania,  was  held  in  the  Society 
looms,  Oliver  Building,  Pittsburgh,  Monday,  June  10th,  1912,  at 
4:53  P.  M.,  Vice  President  Grace  presiding,  Messrs.  Raymer,  Riddle, 
Hawley,  Duff,  Morse,  Stucki,  Frost,  Mott,  Wilkerson  and  the  Secre¬ 
tary  being  piesent. 
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The  minutes  of  the  last  regular  meeting,  held  May  13th,  were 
read  and  approved. 

The  applications  of  the  following  gentlemen,  having  been  regularly 
published  to  the  Society,  pursuant  to  the  action  of  the  Board  on  May 
13th,  were  duly  elected  to  membership: 

ACTIVE 

Linville,  C.  P., 

Smith,  August  C., 

Stutz,  Ernest 
Brown,  Harry  D., 

ASSOCIATE 

Hall,  Oscar  E.,  Jackman,  David  E. 

Bequests  for  reinstatements  were  received  from  the  following 
gentlemen,  and  their  names  ordered  placed  on  the  Society  rolls: 

Smitmans,  John  A.,  joined  Dec.  1910;  resigned  Feb.  1912. 

Stupakoff,  S.  H.,  joined  Feb.  1891;  resigned  Jan.  1906. 

Applications  were  received  from  the  following  gentlemen  and 
their  names  ordered  published  to  the  Society: 

ACTIVE 

Cederlund,  K.  H., 

Ferrara,  Peter, 

Ludgate,  Bruce  A., 

Warner,  R.  C., 

Wilson,  Henry’  D. 

ASSOCIATE 

Spencer,  C.  H. 

JUNIOR 

Da  Lee,  William  A.,  Dornberger,  R.  S. 

The  Secretary  presented  an  invitation  received  from  the  Executive 
Committee  of  the  Eighth  International  Congress  of  Applied  Chemistry, 
requesting  the  Society  to  join  the  Congress  and  to  take  part  in  us 
proceedings  by  the  appointment  of  a  delegate.  The  matter  was  re¬ 
ferred  to  President  Handy  with  the  request  that  he  appoint  a  delegate 
to  represent  the  Society. 

The  meeting  adjourned  at  5 :40  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


Brock,  Richard  E., 
Chessrown,  Elias, 
Gable,  W.  L., 
Randolph.  H.  F., 
Watson,  C.  E., 


Boyd,  John  R., 
Clark,  Donald  G., 
Schuchman,  B.  F., 
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REGULAR  MONTHLY  MEETING 

The  321st  regular  monthly  meeting  of  the  Engineers’  Society 
of  Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Bldg., 
Pittsburgh,  Tuesday,  September  24th,  1912  at  8:10  P.  M.,  President 
James  0.  Handy  presiding,  72  members  and  visitors  being  present. 

The  minutes  of  the  last  meeting  held  June  18th,  1912  were  read 
and  approved. 

The  Board  of  Direction  reported  the  election  of  five  Active  mem¬ 
bers,  two  Associates  and  two  Juniors;  the  reinstatement  of  one  former 
member  to  the  Society  rolls;  also  the  receipt  of  ten  applications  for 
Active  membership  and  one  for  the  Junior  grade. 

The  death  of  Frank  M.  Schwartz  who  joined  the  Society  in  No¬ 
vember,  1881  and  died  July  31st,  1912  was  announced. 

No  further  business  coming  before  the  Society,  the  paper  of  the 

evening  on  the  “Survey  of  Property  in  Pennsylvania,”  was  read  by 

L.  P.  Blum,  Civil  Engineer  of  the  W.  G.  Wilkins  Co. 

The  ensuing  discussion  was  participated  in  by  E.  J.  Taylor,  H.  F. 
Layton,  N.  F.  Hopkins,  J.  P.  Leaf,  W.  G.  Wilkins,  W.  McClurg 

Donley,  U.  M.  Arthur,  A.  E.  Duckham,  J.  A.  McCulloch,  F.  G. 

Schatz,  Ralph  Woods,  F.  G.  Rose  and  L.  P.  Blum. 

The  meeting  adjourned  at  10 :30  P.  M. 

Elmer  K.  Hiles, 

Secretary. 

* 


STRUCTURAL  SECTION. 

The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  on  Tuesday,  September  3rd  at 
8 :23  P.  M.,  Chairman  T.  J.  Wilkerson  presiding,  67  members  and  visi¬ 
tors  being  present. 

The  minutes  of  the  last  regular  meeting  held  May  7th  were  read 
and  approved  .  No  further  business  coming  before  the  Section,  the 
paper  of  the  evening  on  “The  Ohio  River  Highway  Bridge  at  Sewick- 
ley,”  was  presented  by  V.  R.  Covell,  Deputy  County  Engineer. 

The  ensuing  discussion  was  participated  in  by  H.  R.  Blickle, 
Chf.  Engr.,  Fort  Pitt  Bridge  Works;  T.  S.  White,  Vice  President,  Penn 
Bridge  Co.;  L.  F.  W.  Hildner,  Chief  Engineer,  Pittsburgh  Bridge  & 
Iron  Works;  H.  J.  Lewis,  Consult ng  Engineer;  J.  A.  McEwen,  Man¬ 
ager,  Pittsburgh  Bridge  &  Iron  Works;  W.  R.  Rot  brock,  Engr.  of 
Erection,  Fort  Pitt  Bridge  Works;  R.  B.  Woodworth,  Engineer,  Car¬ 
negie  Steel  Company;  H.  R.  Thayer,  Asst.  Prof.,  Structural  Design, 
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Carnegie  Institute  of  Technology;  H.  H.  Rankin,  Civil  Engineer;  A.  T). 
Nutter,  Structural  Engineer,  County  Engineers’  Office,  and  V.  R. 
Coveil. 

The  meeting  adjourned  at  10:10  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania,  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Monday,  July  22,  1912,  at  5:05  P. 
M.,  President  Handy  presiding,  Messrs.  Raymer,  Mott,  Hoerr,  Hawley, 
Wilkerson  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  June  10th,  were  read 
and  approved. 

The  applications  of  the  following  gentlemen,  having  been  regu¬ 
larly  published  to  the  Society,  pursuant  to  the  action  of  the  Board 
on  June  10th,  were  duly  elected  to  membership: 


Brock,  Richard  E. 
Chesrown,  Elias 
Cable,  W.  L. 
Randolph,  H.  F. 
Watson,  C.  E. 


ACTIVE 

Cederlund,  K.  H. 
Ferrara,  Peter 
Ludgate,  Bruce  A. 
Warner,  R.  C. 
Wilson,  Henry  D. 


Dornberger,  R.  S. 


JUNIOR 

Da  Lee,  William  A. 


The  Secretary  reported  that  Mr.  O.  E.  Hall,  who  was  elected 
to  membership  in  the  Society  as  an  Associate  at  the  June  meeting  of 
the  Board,  had  expressed  a  desire  to  be  enrolled  as  an  Active  member. 
As  Mr.  Hall’s  statements  in  his  application  entitle  him  to  Active 
membership,  the  Board  ordered  the  transfer. 

A  request  for  reinstatement  was  received  from  J.  W.  Henderson, 
who  joined  the  Society  in  September,  1905,  and  resigned  in  February, 
1912.  His  name  was  ordered  again  placed  on  the  Society  rolls. 

ApjJications  were  reecived  from  the  following  men  and  their  names 
ordered  published  to  the  Society: 


ACTIVE 

Bixby,  W.  H.  Glass,  John 

Greve,  Edgar  E.  James,  William  A. 

Paff,  George  A. 
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ASSOCIATE 

Folds,  George  R.  Hunter,  Janies  C. 

JUNIOR 

Noble,  Robert  E.  Richardson,  Robert  E. 

The  Secretary  presented  a  progress  report  from  Thomas  H. 
Johnston,  delegate  of  the  Society  to  the  National  Conservative  Con¬ 
gress.  The  report  was  accepted  and  ordered  filed. 

President  Handy  reported  that  in  accordance  with  the  action  of 
the  Board  at  its  last  meeting,  requesting  him  to  appoint  a  delegate  to 
the  Eighth  International  Congress  of  Applied  Chemistry,  he  had  ap¬ 
pointed  as  delegate,  Elmer  K.  Hiles,  Secretary  of  the  Society. 

The  meeting  adjourned  at  6 :05  P.  M. 

Elmer  K.  Hiles, 

Secretary 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliyer  Building,  Pittsburgh,  Monday,  September  23,  1912,  at 
5:06  P.  M.,  President  Handy  presiding,  Messrs.  Raymer,  Morse,  Hoerr 
and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  July  22,  1912,  were 
read  and  approved. 

The  applications  of  the  following  gentlemen,  having  been  regularly 
published  to  the  Society,  pursuant  to  the  action  of  the  Board  on  July 
23d,  duly  elected  to  membership : 


ACTIVE 

Bixby,  W.  H.  Glass,  John 

Greve,  E.  E.  James,  W.  A. 

Paff,  George  A. 


Folds,  George  R. 


ASSOCIATE 

Hunter,  James  C. 


JUNIOR 

Noble,  Robert  E.  Richardson,  J.  E. 

A  request  for  reinstatement  was  received  from  John  M.  Rayburn, 
who  joined  the  Society  in  March,  1903,  and  resigned  in  November,  1905. 
Mr.  Rayburn’s  name  was  again  ordered  to  be  placed  on  t lie  Society 
rolls. 

Applications  were  received  from  the  following  gentlemen  and  their 
names  ordered  published  to  the  Society: 
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ACTIVE 

Glynn,  A.  J. 

Jones,  Lloyd 
Reese,  J.  N. 

Smith,  Orin  G. 

Venable,  W.  M. 

JUNIOR 

Smith,  Samuel  A. 

The  death  of  Frank  M.  Schwartz  was  announced;  Mr.  Schwartz 
joined  the  Society  in  November  1881,  and  died  July  31,  1912. 

The  Secretary  presented  a  letter  from  the  City  Planning  Com¬ 
mission  transmitting  a  proposed  set  of  rules  governing  the  survey  of 
lots,  subdivisions,  the  dedication  of  streets,  etc.  The  City  Planning 
Commission  desire  that  the  Society  should  appoint  a  commission  to 
criticise  and  make  suggestions  regarding  these  proposed  rules.  In 
accordance  with  this  request,  President  Handy  appointed  the  follow¬ 
ing  Committee  to  examine  into  the  matter  and  report  at  the  next  meet¬ 
ing  of  the  Board:  L.  P.  Blum,  Chairman,  A.  R.  Raymer,  A.  L.  Hoerr. 

The  meeting  adjourned  at  6 :10  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


Christianson,  A. 
Hopkins,  R.  M. 
Plock,  A.  F. 
Smith,  Benjamin 
Thayer,  H.  R. 
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REGULAR  MONTHLY  MEETING 

The  322nd  regular  monthly  meeting  of  the  Engineers’  Society 
of  Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Build¬ 
ing,  Pittsburgh,  October  15tli,  1912  at  8:18  P.  M.,  President  James 
0.  Handy,  presiding,  40  members  and  visitors  being  present. 

The  minutes  of  the  last  meeting  held  September  24th,  1912  were 
read  and  approved. 

The  Board  of  Direction  reported  the  receipt  of  five  applications 
for  Active  membership,  one  for  Associate  and  one  for  the  Junior 
grade.  No  further  business  coming  before  the  Society  the  paper  of 
the  evening  on  “The  Energy  of  Explosives”  was  presented  by  Dr. 
W.  0.  Snelling,  Consulting  Chemical  Engineer. 

The  ensuing  discussion  was  participated  in  by  S.  P.  Howell,  Asst. 
Engr.,  U.  S.  Bureau  of  Mines;  James  0.  Handy,  Chief  Chemist,  Pitts¬ 
burgh  Testing  Laboratory;  J.  A.  McCulloch,  Engineer,  National  Tube 
Co.;  A.  Stucki,  Consulting  Engineer;  J.  H.  Harlow,  Chf.  Engr.,  Sus¬ 
quehanna  Power  Co.;  G.  E.  Flanagan,  Engineer,  Heyl  &  Patterson;  and 
Dr.  W.  0.  Snelling. 

The  meeting  adjourned  at  10:22  P.  M. 


A  special  meeting  of  the  Engineers’  Society  of  Western  Pennsyl¬ 
vania  was  held  in  the  Society  rooms,  Oliver  Building,  Pittsburgh, 
Friday,  October  18th,  1912  at  8:25  P.  M.,  President  James  0.  Handy 
presiding,  68  members  and  visitors  being  present. 

This  special  meeting  was  called  in  response  to  a  request  received 
from  the  Flood  Commission  of  Pittsburgh,  inviting  the  Engineers’ 
Society  of  Western  Pennsylvania  to  consider  the  merits  of  the  propo¬ 
sition  to  build  a  wall  along  the  river  front  of  the  City  and  the  pro¬ 
posed  Bond  Issue  of  $900  000  for  its  construction. 

The  address  of  the  evening  on  “The  Wharf  Wall  and  $900  000 
Bond  Issue  Proposed  by  the  Flood  Commission  of  Pittsburgh,”  was  pre¬ 
sented  by  E.  K.  Morse,  Chairman,  Engineering  Committee,  Flood  Com- 
mision.  About  fifty  or  sixty  lantern  slides  were  used  to  illustrate  Mr. 
Morse’s  presentation  of  the  subject. 

The  discussion  was  participated  in  by  Thomas  M.  Rees,  Martin 
Hokanson,  Morris  Knowles,  Col.  Thos.  P.  Roberts,  W.  C.  Coffin,  Fred 
Schatz,  and  E.  K.  Morse. 

The  meeting  adjourned  at  10 :50. 

Elmer  K.  IIiles, 

Secretary. 
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MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the 
Engineers’  Society  of  Western  Pensylvania,  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  on  Tuesday,  October  1st,  1912,  at 
8 :18  P.  M.,  Chairman  Snyder  presiding,  79  members  and  visitors  be¬ 
ing  present. 

The  minutes  of  the  last  regular  meeting  held  June  4th,  1912,  were 
read  and  approved. 

No  further  business  coming  before  the  section,  the  paper  of  the 
evening  on  “The  Purchase  of  Lubricating  Oil  by  Specification”  was  read 
by  A.  D.  Smith,  Supt.  of  the  Canfield  Oil  Co.  The  ensuing  discussion 
was  participated  in  by  Dr.  P.  H.  Conradson,  Chief  Chemist,  Galena- 
Signal  Oil  Co.,  Franklin,  Pa.;  J.  Ablett,  Mgr.  Lubricating  Dept.,  At¬ 
lantic  Refining  Co.,  Pittsburgh,  Pa.;  Thos.  R.  Cook,  Asst.  Engr.  Motive 
Power,  Pennsylvania  Lines,  Pittsburgh,  Pa.;  Dr.  M.  E.  McDonnell, 
Chemist,  Dept,  of  Tests,  Pennsylvania  R.  R.,  Altoona,  Pa. ;  T.  D.  Lynch, 
Research  Engr.,  Westinghouse  Electric  Manufacturing  Co.,  East  Pitts¬ 
burgh,  Pa.;  C.  H.  Garlick,  State  Steam  Boiler  Inspector,  Allegheny 
County,  Pittsburgh,  Pa.;  W.  E.  Snyder,  Mech.  Engr.,  American  Steel 
&  Wire  Co.,  Pittsburgh,  Pa.;  0.  P.  Reese,  Master  Mech.,  Allegheny 
Shops,  Pennsylania  Lines,  Pittsburgh,  Pa.;  W.  A.  Looney,  Asst.  Genl. 
Mgr.,  Gulf  Refining  Co,.  Pittsburgh,  Pa. ;  H.  A.  Porterfield,  Mgr.,  Dexter 
Oil  Co.,  Pittsburgh,  Pa. ;  J.  M.  Jeffers,  Engr.  National  Tube  Co.,  Mc¬ 
Keesport,  Pa.;  Dr.  I.  C.  Allen,  Petroleum  Chemist,  U.  S.  Bureau  of 
Mines,  Pittsburgh,  Pa.;  E.  D.  Cawley,  Mech.  Dept.  Atlantic  Refining 
Co.,  Pittsburgh,  Pa.;  and  A.  D.  Smith,  Supt.,  Canfield  Oil  Co.,  Cora- 
opolis,  Pa. 

The  meeting  adjourned  at  10 :30  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh.  Pa.,  Monday,  October  7th,  1912  at 
5:00  P.  M.,  President  Handy  presiding,  Messrs.  Rayrner,  Mott,  Morse, 
Duff,  Hawley,  Wilkerson,  Hoerr  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  September  13th  were 
read  and  approved. 

Applications  were  received  from  the  following  gentlemen  and 
their  names  ordered  published  to  the  Society: 
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ACTIVE 

Ablett  Job  Pest,  F.  W. 

Lyon,  D.  A.  Porterfield,  H.  A. 

Stephens,  W.  M. 

ASSOCIATE 
Rederer,  B.  S. 

junior 

Christenson,  G.  C. 

The  report  of  the  Secretary  showing  the  financial  condition  of 
the  Society  at  the  close  of  business  on  July  31st,  August  31st  and 
September  30th,  1912  having  previously  audited  by  the  Finance  Com¬ 
mittee  was  approved. 

The  action  of  President  Handy  was  endorsed  in  calling  a  special 
meeting  of  the  Society  to  be  held  Friday,  October  18th,  1912,  at  which 
Mr.  E.  I\.  Morse,  Chairman  of  the  Engineering  Committee  of  the 
Flood  Commision  of  Pittsburgh,  is  to  present  the  plans  of  the  Flood 
Commission  for  a  retaining  wall  at  certain  points  along  the  river 
front. 

Mr.  A.  L.  Hoerr  presented  a  progress  report  for  the  special 
committee  appointed  to  examine  the  rules  governing  property  sur¬ 
veys  prepared  by  the  City  Planning  Commission.  As  the  City  Plan¬ 
ning  Commission  is  to  take  final  action  on  these  rules  on  October 
14th,  the  Secretary  was  authorized  to  transmit  the  Committee’s  report 
direct  to  the  City  Planning  Commission. 

The  meeting  adjourned  at  5:58  P.  M. 

Elmer  K.  Hiles, 

Secretary. 
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REGULAR  MONTHLY  MEETING 

The  323rd  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  Rooms,  Oliver  Bldg., 
Pittsburgh,  Tuesday,  November  19th,  1912,  at  8:25  P.  M.  President 
James  0.  Handy,  presiding,  101  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  October  15th,  were 
read  and  approved. 

The  Board  of  Direction  reported  the  election  of  fifteen  Active 
members,  one  Associate  and  one  Junior;  the  reinstatement  of  one 
former  member  to  the  Active  grade  on  the  Society  rolls;  also,  the 
receipt  of  nine  applications  for  Active  membership,  one  for  Associate, 
one  for  Junior,  and  three  for  Junior-Student  grade. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “The  Theory  of  Steam  Accumulators  and  Regenerative 
Processes”  wa$  read  by  Mr.  F.  G.  Gasche,  Mechanical  Engineer,  Illi¬ 
nois  Steel  Co. 

The  ensuing  discussion  was  participated  in  by: 

L.  Battu,  Pres.  Rateau  Steam  Regenerator  Co.,  New  York  City; 
R.  S.  Younglove,  Asst.  Mech.  Engr.,  Illinois  Steel  Co.,  South  Chicago, 
Ill.;  C.  J.  Bacon,  Steam  Engr.,  South  Works,  Illinois  Steel  Co.,  South 
Chicago,  Ill.;  D.  P.  Eppelsheimer,  Chief  Engr.,  American  Rolling  Mills 
Co.,  Middletown,  Ohio.;  J.  A.  Hunter,  Mech.  Engr.,  American  Sheet  & 
Tin  Plate  Co.,  Pittsburgh;  M.  F.  McConnell,  Chief  Engr.,  Carnegie 
Steel  Co.,  Mingo  Junction  Works,  Mingo  Junction,  Ohio;  John  N. 
Chester,  Cohst.  Engr.,  Pittsburgh;  E.  D.  Dickinson,  Turbine  Engrg. 
Dept.,  General  Electric  Co.,  Schenectady,  N.  Y. ;  F.  G.  Cutler,  Steam 
Engr.,  Tenn.  Coal  &  Iron  Railway  Co.,  Ensley,  Ala.;  Prof.  W.  Trinks, 
Carnegie  Institute  of  Technology,  Pittsburgh;  A.  L.  Hoerr,  Mech.  Engr., 
National  Works,  National  Tube  Co.,  McKeesport,  Pa.;  and  F.  G. 
Gasche. 

The  meeting  adjourned  at  10 :50  P.  M. 

Elmer  K.  IIiles, 

Secretary. 


STRUCTURAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Structural  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Tuesday,  November  5th,  1912  at 
8:27  P.  M.,  Chairman  T.  J.  Wilkerson  presiding,  55  members  and 
visitors  being  present. 

The  minutes  of  the  meeting  held  September  3rd  were  read  and 
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approved.  The  Chairman  announced  the  appointment  of  the  following: 
Nominating  Committee : 

R.  B.  Woodworth,  Chairman. 

V.  R.  Covell,' 

H.  R.  Thayer. 

No  further  business  coming  before  the  Section,  the  paper  of  the- 
evening,  “The  Construction  of  the  Mission  Street  Pumping  Station’’ 
was  read  bv  C.  0.  Daughaday,  Division  Engineer,  Bureau  of  Water, 
City  of  Pittsburgh. 

The  ensuing  discussion  was  participated  in  by  J.  N.  Chester,  F.  L_ 
McParland,  C.  H.  Pond,  Willis  Whited  and  C.  0.  Daughaday. 

The  meeting  adjourned  at  9 :30  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania,  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Monday,  November  11th,  1912 
at  4:53  P.  M.,  President  Handy  presiding,  Messrs.  Raymer,  Mott, 
Hoerr,  Duff,  Hawley,  Grace,  Wilkerson,  and  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  October  7th,  were 
read  and  approved. 

The  applications  of  the  following  gentlemen  have  been  regularly 
published  to  the  Society  pursuant  to  the  action  of  the  board,  October 
7th,  were  duly  elected  to  membership : 


active 

Ablett,  Job 
Christianson,  Andrew 
Hopkins,  Robt.  M. 

Glvnn,  Albert  J. 

Jones,  Llov’d 
Lyon,  Dorsev  Alfred 

%j  y 

Pest,  Franklin 

Venable,  Wm. 


Plock,  Albert  Francis 
Porterfield,  Henry  A. 

Reese,  John  N. 

Smith,  Benj.  E. 

Smith,  Orin  G. 

Stephens,  Wesley  McKeown 

Thayer,  Horace  R. 

layo. 


ASSOCIATE 

Rederer,  Benedict  S. 


JUNIOR 

Christensen.  Gustav  Christian 
Smith,  Samuel  Amberson. 


A  request  for  reinstatement  to  membership  in  the  Society  was  re¬ 
ceived  from  Geo.  F.  Freed.  Supt.  National  Metal  Molding  Co.,  Economy,. 
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Pa.,  who  joined  the  Society,  Feb.  19th,  1903,  and  resigned  Jan.  13th, 
1906.  His  name  was  ordered  replaced  on  the  Society  rolls. 

Applications  were  received  from  the  following  gentlemen,  and  their 
names  ordered  published  to  the  Society. 


ACTIVE 

Anfindsen,  Christian  Z.  Vincent,  Samuel  M. 

Cook,  Thos.  Russell  Keim,  Lester  H. 

Engel,  Arthur  Wm.  Woodward,  Louis  A. 

Stuart,  Milton  Caleb  Shipley,  Grant  B. 

Wolcott,  Darwin  S. 


ASSOCIATE 

Ashcroft,  Chas.  D. 


JUNIOR 

Church,  Walter  Seward. 


JUNIOR-STUDENT 

Eisenberg,  Benj.  D.  Follansbee,  Marcus  Acheson 

Kerr,  Wm.  R. 

The  report  of  the  Secretary,  showing  the  financial  condition  of  the 
Society  at  the  close  of  business,  October  31st,  1912,  having  been  pre¬ 
viously  audited  by  the  Finance  Committee,  was  approved,  and  bills 
ordered  paid. 

The  following  report  of  the  Nominating  Committee  was  presented, 
approved,  and  ordered  published  to  the  Society  in  the  November  an¬ 
nouncement  : 


Pittsburgh,  November  5,  1912. 

To  the  Board  of  Direction, 

Engineers’  Society  of  Western  Pennsylvania. 

Dear  Sirs : — 


We  beg  to  submit  the  following  unanimous  report  covering  nomi¬ 
nations  for  the  several  offices  in  the  Society  to  be  filled  at  this  time. 


President . 

Vice  President  (2  years) 
Treasurer . 

Directors  (2  years) . 


.  S.  P.  Grace 
.  .A.  R.  Raymer 
.A.  E.  Frost 
I  W.  E.  Snyder 
\E.  H.  Haslam 


Respectfully  submitted, 

Nominating  Committee: 


A.  Stucki,  Chairman 
A.  E.  Crockett, 

Fred  Crabtree, 
Richard  Hirsch, 
George  H.  Neilson. 
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Mr.  A.  L.  Hoerr  presented  the  report  of  the  special  committee 
appointed  to  criticise,  and  make  suggestions  regarding  the  proposed 
rules  and  regulations  of  the  City  Planning  Commission,  for  laying  out 
plans  of  lots,  subdivisions,  and  replotting  of  property,  etc.,  it  was 
ordered  that  the  report  which  had  previously  been  transmitted  to  the 
City  Planning  Commission  by  the  Secretary,  pursuant  to  the  action 
of  the  Board,  October  7th,  be  accepted,  and  the  Secretary  requested  to 
thank  the  Committee  on  behalf  of  the  Board,  and  to  notify  them  of 
their  discharge. 

The  recommendation  of  the  committee  that  a  base  line  be  main¬ 
tained  in  Pittsburgh  for  use  in  checking  50,  and  100  foot  tapes,  was 
discussed,  and  the  Secretary  requested  to  refer  this  request  to  the 
U.  S.  Bureau  of  Standards,  pointing  out  the  necessity  of  such  a  stand¬ 
ard  in  this  district. 

The  special  committee  appointed  to  consider  the  matter  of  co¬ 
operation  with  engineering  schools  in  the  matter  of  competition,  was 
presented  with  the  recommendation  that  a  committee  be  appointed 
to  put  into  effect  some  plan  for  competitions.  The  board  formally  ap¬ 
proved  this  report,  and  recommended  that  a  committee  be  appointed 
on  co-operation  with  technical  schools. 

The  Secretary  presented  the  report  of  Thos.  H.  Johnson,  delegate 
to  the  4th  National  Conservation  Congress,  held  in  Indianapolis.  The 
report  was  received,  ordered  filed,  and  the  Secretary  requested  to  ex¬ 
press  to  Mr.  Johnson,  the  appreciation  of  the  Board  for  his  interest 
in  the  matter. 

The  meeting  adjourned  at  5:53  P.  M. 

Elmer  K.  Hiles, 
Secretary. 
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REGULAR  MONTHLY  MEETING 

The  324th  regular  monthly  meeting  of  t  lie  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Society  rooms,  Oliver  Bldg., 
Tuesday,  December  17th  at  8:15  P.  M.,  President  James  ().  Handy 
presiding,  100  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  November  19th,  1912 
were  read  and  approved.  The  Board  of  Direction  reported  the  elec¬ 
tion  of  nine  Active  members,  one  Associate,  one  Junior  and  three 
Junior-Students;  the  reinstatement  of  one  former  member  to  the 
Active  grade  of  the  Society  rolls;  also  the  receipt  of  seven  applica¬ 
tions  for  Active  membership,  one  Junior  and  one  for  the  Junior- 
Student  grade. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “Public  Utility  Regulation  and  its  Relation  to  Water  Con¬ 
servation”  was  read  by  Morris  Knowles,  Consulting  Engineer.  The 
ensuing  discussion  was  participated  in  by:  W.  G.  Wilkins,  Consulting 
Engr. ;  Col.  Thos.  P.  Roberts,  U.  S.  Engineers’  Office;  0.  C.  Merrill, 
Chief  Engr.,  Forest  Service,  U.  S.  Dept,  of  Agriculture;  J.  D.  Ayres, 
Water  Commissioner,  McKeesport,  Pa.;  C.  A.  Finley,  Supt.,  Bureau 
of  Water,  City  of  Pittsburgh;  Geo.  S.  Davison,  President,  Gulf  Re¬ 
fining  Co.;  C.  E.  Curtis,  Civil  Engr.,  Cambria  Steel  Co.;  Wm.  Renkin, 
Civil  Engineer,  Pittsburgh;  L.  P.  Blum,  Assistant  Engineer,  W.  G. 
Wilkins  Co.;  J.  P.  Leaf,  City  Engr.,  Rochester,  Pa.,  and  Morris 
Knowles. 

The  meeting  adjourned  at  10 :47  P.  M. 

Elmer  K.  IIilks, 

%  / 

Secretary. 


MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Bldg.,  Pittsburgh.  Tuesday,  December  3rd  at  8:20  P.  M., 
Mr.  E.  H.  Haslam  presiding,  122  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  October  1st  were 
read  and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  “Condensing  Practice”  was  read  by  A.  II.  Helander,  Vice 
President  of  the  Wm.  Tod  Company,  Youngstown,  O.  The  ensuing 
discussion  was  participated  in  by:  J.  N.  Chester,  Consulting  Engr.; 
Edward  Seaver,  Jr.,  Engr,  Condenser  Dept.,  Westinghouse  Machine 
Co.  ;L.  Iversen,  Engr.,  Mesta  Machine  Co. ;  H.  A.  Cornelius,  Engr., 
Mesta  Machine  Co. ;  M.  H.  Hopkins,  Sales  Engr.,  Alberger  Condenser 
Co.;  J.  D.  Berg,  Engr.,  Dravo-Doyle  Co.;  Rodney  Day,  Mech.  Engr., 


46 


PROCEEDINGS  ENGINEERS '  SOCIETY  WESTERN  PENNA. 


Mesta  Machine  Co. ;  W.  E.  Snyder,  Mech.  Engr.,  American  Steel  & 
Wire  Co.;  D.  D.  Pendelton,  Sales  Engr.,  Wheeler;  Condenser  <fe 
Engrg.  Co.;  R.  H.  Stevens,  Mech.  Engr.,  Homestead  Works,  Carnegie 
Steel  Co.,  and  A.  H.  Helander. 

The  meeting  adjourned  at  11:00  P.  M. 

Elmer  K.  Hiles, 

Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society 
rooms,  Oliver  Building,  Pittsburgh,  Monday,  December  9th,  1912  at 
4:50  P.  M.,  President  Handy  presiding,  Messrs.  Morse,  Duff,  Stucki, 
Raymer,  Mott,  Grace  and  the  Secretary  being  present. 

The  minutes  of  the  last  regular  meeting  held  November  lltli  were 
read  and  approved. 

The  applications  of  the  following  gentlemen  having  been  regu¬ 
larly  published  to  the  Society  pursuant  to  the  Board  on  November 
11th  were  duly  elected  to  membership : 


Anflndsen,  Christian  Z. 
Cook,  Thomas  Russell 
Engle,  Arthur  William 
Keim,  Lester  H. 


active 

Stuart,  Milton  Caleb 
Vincent,  Samuel  M. 
Wolcott,  Darwin  S. 
Woodward,  Louis  A. 
Shipley,  Grant  B. 

ASSOCIATE 

Ashcroft,  Charles  D. 

JUNIOR 

Church,  Walter  Seward 


JUNIOR  STUDENT 

Eisenberg,  Benj.  D.  Follansbee,  Marcus  Acheson 

Kerr,  William  R. 

A  request  for  reinstatement  to  membership  to  the  Society  was 
received  from  Edwin  S.  Fickes  of  the  Aluminum  Company  of  America 
who  joined  the  Society  in  May  1903,  and  resigned  January  13th,  1906. 
His  name  was  ordered  replaced  on  the  Society  rolls  January  1st,  1913. 

Applications  were  received  from  the  following  gentlemen,  and  their 
names  ordered  published  to  the  Society: 

ACTIVE 

Helander,  Ernest  Gustave  Mesta,  Charles  Jacob 

Hill,  B.  Houston  Perrin,  Ren  Brown 

Holt,  Harris  D.  Rvman,  Frank 

Spangenberg,  Brewster  H. 
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JUNIOR 

Sell  raff.  Maurice  Ross 

JUNIOR  STUDENT 

Stubnitz,  Maurice 


The  report  of  the  Secretary  showing  financial  condition  of  the 
Society  at  the  close  of  business,  November  30th,  1912,  having  previous¬ 
ly  been  audited  by  the  Finance  Committee,  was  approved. 

In  accordance  with  the  By-Laws  final  action  was  taken  on  the 
nomination  for  1913,  the  final  approval  of  the  Board  being  given. 

President  Handy  appointed  the  following  Committee  on  Engi¬ 
neering  Education: 


Albert  Kingsbury,  Chairman 


Samuel  E.  Duff, 
W.  Edgar  Reed, 


F.  N.  Speller, 


A.  Stucki. 


The  meeting  adjourned  at  5:38  P.  M. 


Elmer  K.  IIiles 


Secretary. 


BOOK  REVIEWS 


“The  Metallography  of  Irox  and  Steel.”  By  Albert  Sauveur,  Pro¬ 
fessor  of  Metallurgy  and  Metallography,  Harvard  University. 

This  is  the  first  satisfactory  American  text  on  an  important  sub¬ 
ject.  The  book  contains  24  “lessons”  with  an  introduction  and  two 
appendices,  making  a  total  of  about  300  pages,  7  by  10%  inches,  well 
illustrated  with  numerous  micrographs  and  diagrams.  The  typo¬ 
graphic  execution  of  the  work  is  admirable  throughout;  there  are  few 
misprints;  and  the  excellence  of  the  micrographs  and  diagrams  is 
es]  ecially  to  be  commended. 

An  introductory  chapter  of  35  pages  describing  the  apparatus 
preferred  by  the  author  is  supplemented  by  an  appendix  which  pre¬ 
sents  that  used  or  recommended  by  others.  Lesson  1  deals  briefly 
with  pure  metals,  pure  iron  being  further  described  in  Lesson  2.  In 
the  next  two  lessons,  the  characteristics  distinguishing  wrought  iron 
and  low  carbon  steel  are  covered,  most  of  the  chapters  being  devoted 
to  a  careful  ex]  lanation  of  the  author's  methods  of  preparing,  exam¬ 
ining  and  photographing  samples.  Lesson  5  describes  medium  and 
high  carbon  steel, — the  pure  alloy, — while  the  next  lesson  takes  up  the 
effect  of  the  various  impurities  both  metallic  and  non  metallic  on  the- 
alloy.  The  thermal  critical  points  of  steel  are  studied  in  the  next 
three  lessons,  what  they  are,  their  causes  and  their  effects.  These  les¬ 
sons  together  with  others  on  the  annealing,  the  hardening  and  the 
tempering  of  steel  respectively  make  the  book  especially  valuable  for 
those  who  are  interested  in  the  subject  of  heat  treatment.  A  separate 
lesson  is  devoted  to  each  of  the  following  subjects,  mechanical  treat¬ 
ment,  special  steels,  constitution  of  metallic  alloys,  the  iron  carbon 
equilibrium  diagram  and  the  phase  rule. 

Altogether,  the  book  is  one  that  should  be  warmly  welcomed  by  iron 
and  steel  men.  It  is  well  written,  accurate  and  definite,  and  the 
text  contains  a  great  deal  of  valuable  general  information.  Tt  is  the 
best  text  that  has  yet  appeared  for  a  student  beginning  the  general 
subject  of  metallography,  as  well  as  being  an  excellent  guide  for  ad¬ 
vanced  work  on  iron  and  steel. 

Reviewed  by  S.  L.  Good  ale. 


EMPLOYMENT  BULLETIN 


The  Society  has  found  it  can  do  an  important  work  as  the  medium  for 
securing  better  positions  for  its  members  who  desire  them.  The  Secretary 
gives  this  his  personal  attention,  and  is  desirous  of  receiving  prompt  notifi¬ 
cation  both  of  positions  open  and  of  men  available.  Notices  are  not  repeat¬ 
ed  except  upon  special  request. 


MEN  AVAILABLE 

151  Position  desired  by  young  man  experienced  in  work  with  sur¬ 
veying  party  also  in  structural  steel  inspection. 

152  Young  man  attending  evening  department  at  Carnegie  Tech¬ 
nical  Schools,  Civil  Engineering  Department,  desires  position. 

153  Engineer  experienced  in  design  and  construction  of  industrial 
plants  desires  position  in  charge  of  drawing  room  or  on  outside  work. 

155  Young  engineer  desires  position  in  steam  engineering  work. 
Technical  education. 

159  Young  civil  engineer,  four  years  experience  in  field  and  office 
work,  desires  position. 

160  Boy,  fifteen  years  old,  desires  position  with  Civil  Engineer 
either  in  office  or  field. 

161  Mechanical  Draftsman  desires  position.  General  experience. 

162  Wanted:  Position  as  Superintendent  or  Chief  Engineer  of  large 
power  plant  by  man  38  years  of  age,  thoroughly  familiar  with  the 
most  up-to-date  methods  of  steam  and  gas  engine  practice. 


LIST  OF  PERIODICALS 


On  the  Tables  in  the  Reading  Room  of  the  Society. 


American  Engineer. 

American  Machinist. 

American  Society  of  Civil  Engi¬ 
neers,  Proceedings. 

American  Society  of  Mechanical 
Engineers,  Proceedings. 

American  Water  Works  Associa¬ 
tion,  Bulletin. 

American  Railway  Engineering  and 
Maintenance  of  Way  Association, 
Bulletin. 

Appleton’s  Magazine. 

Analyst,  The. 

Annales  de  L’Association  des  In- 
genieurs  de  Gand. 

Annaes  Scientificos  de  Academia 

Polvtechnia  Porto. 

%/ 

Anales  de  la  Sociedad  Cientifica 
Argentina. 

Bi-Monthly  Bulletin  of  Amer.  In¬ 
stitute  of  Mining  Eng. 

Building  Management. 

Canadian  Electrical  News. 

Cassier’s  Magazine. 

Chamber  of  Mines,  Monthly  Jour¬ 
nal  of  the 

Chemical  News. 

Coal. 

Coal  Trade  Bulletin. 

Cold  Storage  and  Ice  Trade  Jour¬ 
nal. 

Compressed  Air. 

Concrete. 

Contractor,  The. 

Cornell  Civil  Engineer. 

Electric  Journal. 

Electric  Railway  Journal. 

Electrical  Review. 

Electrical  World. 

Energy. 

Engineering. 

Engineering  Magazine. 

Engineering  &  Mining  Journal. 

Engineering  News. 


Engineering  Record. 

Engineering  Review. 

Engineering — Contracting. 
Engineers’  Club  of  Philadelphia, 
Proceedings. 

Engineering  Journal,  Canada. 
Engineering  Digest. 

Forum. 

Foundry. 

Harvard  Engineering  Journal. 
Heating  &  Ventilating  Magazine. 

Illuminating  Engineer. 

Industry. 

Industrial  Engineering. 

Industrial  Magazine. 

Industrial  World. 

Insurance  Engineering. 

Iron  Age. 

Iron  Trade  Review. 

Journal  of  the  American  Society  of 
Naval  Engineers. 

Journal  of  the  Association  of  En¬ 
gineering  Societies. 

Journal  of  the  Franklin  Institute. 
Journal  of  the  Society  of  Arts. 
Journal  of  the  Society  of  Chemical 
Industry. 

Journal  of  the  U.  S.  Artillery. 
Journal  of  the  Western  Society  of 
Engineers. 

Les  Mois  Seientifique  et  Industriel. 
Leslie’s  Weekly. 

Locomotive. 

Machinery. 

Maschinen  Konstrukteur. 
Mechanical  World. 

Metallurgical  &  Chemical  Engineer¬ 
ing. 

Mexican  Mining  Journal  The 
Mines  &  Minerals. 


Monthly  Journal  of  the  Chamber  of 
Mines. 

Municipal  Engineering. 

National  Engineer. 

Official  Gazette,  U.  S.  Patent 
Office  (Wash.) 

Official  Journal,  Patents,  (Lon¬ 
don). 

Ores  and  Metals. 

Outlook. 

Physical  Review. 

Power. 

Practical  Engineer. 

Proceedings  of  the  Engineering 
Association  of  the  South. 

Proceedings  of  the  Amer.  Institute 
of  Electrical  Engineers. 

Proceedings  of  the  Academy  of 
Natural  Science. 

Progressive  Age. 

Railway  &  Engineering  Review. 

Railway  Age  Gazette. 

Railway  Engineering. 

Review  of  Reviews. 


Revista  de  Construcciones  Y  Agri- 
mensura. 

Revista  de  Obras  ‘Publicas  E 
Minas. 

Revue  de  L’  Ingenieur  et  Index 
Technique. 

Scientific  American. 

School  of  Mines  Quarterly. 

Scientific  American  Supplement. 
Scribner’s  Magazine. 

Sibley  Journal  of  Engineering. 
Society  of  Chemical  Industry. 

St.  Louis  Railway  Club. 

Technical  Index. 

Technical  Literature. 

Tecnhnologist. 

Technology  Quarterly. 

Technology  Review. 

Teknisk  Tidskrt. 

Transactions  of  the  Liverpool  Eng. 
Society. 

University  of  Illinois  Bulletin. 

Western  Electrician. 

Western  Railway  Club. 


Space  in  the  “Proceedings”  will  be  given  to  members  desiring  in¬ 
formation  of  an  engineering  nature. 


Members  can  have  their  Proceedings  bound,  at  $1.00  per  volume. 
Send  your  unbound  volumes  to  the  Secretary. 


CLASSIFIED  LIST  OF  ADVERTISERS 
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Brass  Castings. 

Mackintosh,  Hemphill  &  Co . 
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United  Engineering  &  Foundry 
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Brass  Goods. 

Jenkins  Bros .  11 

Builders. 

W.  N.  Kratzer  <%..  Co .  14 

Pittsburgh  Construction  Co .  14 

Riter-Conley  Mfg.  Co .  14 

Building  Materials. 
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Castings. 

Union  Spring  &  Mfg.  Co .  9 
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Atlas  Portland  Cement  Co .  12 

D.  J.  Kennedy  Co .  12 
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Pittsburgh  Const.  Co .  14 

Pittsburgh  Piping  &  Equipment 
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Pittsburgh  Valve  Foundry  &  Con¬ 


struction  Co .  3 

Drafting — Designing. 
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Drawing  Materials. 
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Pittsbui'gh  Instrument  &  Ma¬ 
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Wm.  M.  Stieren  .  16 

S.  H.  Stupakoff  .  3 

Engineering  Specialties. 
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Engines — Blowing,  Corliss  Reversing. 

Mackintosh,  Hemphill  &  Co . 


Westinghouse  Machine  Co .  8 

Mesta  Machine  Co . 
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Engines — Gas. 

Mesta  Machine  Co . 
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Westinghouse  Machine  Co .  8 

Engines — Steam. 

Dravo,  Doyle  Co .  18 

Mackintosh,  Hemphill  &  Co . 
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Westinghouse  Machine  Co .  8 

Engraving. 

Robert  Rawsthorne  Eng.  Co .  17 

Feed  Water  Heaters  and  Purifiers. 

Harrison  Safety  Boiler  Works..  9 
Wm.  B.  Scaife  &  Sons  Co .  11 


Forgings. 

Cleveland  City  Forge  &  Iron  Co.  14 
Fire  Brick. 


General  Refractories  Co .  6 

Harbison-Walker  Refractories  Co.  15 

Fire  Clay. 

General  Refractories  Co .  6 
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Mesta  Machine  Co . 
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Gas  Meters. 

Pittsburgh  Meter  Co .  11 

Gas  Producers. 

The  Westinghouse  Machine  Co...  8 
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Taylor- Wilson  Mfg.  Co .  7 
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F.  G.  Clapp  .  2 
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INDUSTRIAL  NOTES 


We  have  recently  received  from  the  Homestead  Valve  Manufactur¬ 
ing  Company,  of  Homestead,  Pa.,  a  copy  of  their  1912  Catalogue, 
■which  contains  excellent  cuts  of  their  Straightway.  Three-way  and 
Four-way  balanced  plug  cocks. 

Engineers  having  difficult  valve  problems  to  solve  will  do  well 
to  write  for  a  copy  of  this  catalogue. 

Idle  Morse  Twist  Drill  and  Machine  Company,  of  New  Bedford. 
Mass.,  have  recently  issued  a  350  page  catalogue.  This  catalogue  is 
carefully  indexeed  and  contains  much  information  of  value  regarding 
-drills,  reamers,  gauges  and  other  products  of  their  manufacture. 

After  an  experience  of  more  than  fifty  years  this  Company 
is  to  be  commended  in  so  carefully  tabulating,  and  placing  at  the 
■disposal  of  shop  superintendents,  engineers  and  others  interested  the 
results  of  such  experience. 


The  engineer,  who  has  difficult  problems  to  solve  and  is  in  every 
way  discouraged,  cannot  read  anything  more  inspiring  than  the  intro¬ 
duction  to  the  catalogue  recently  issued  by  John  A.  Roebling’s  Sons 
Co.,  of  Trenton,  N.  J.,  who  manufacture  wire  and  wire  rope,  together 
with  a  full  line  of  fittings  for  the  latter. 

This  introduction  is  nothing  more  or  less  than  a  brief  biography 
of  John  A.  Koebling,  outlining  his  early  life,  the  difficulties  he  had 
to  overcome,  and  the  manner  in  which  he  solved  these  problems. 

Everv  engineer  should  read  it. 

c?  , 
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New  York  Philadelphia  Cleveland  Chicago  Birmingham  San  Francisco 

PITTSBURGH  VALVE,  FOUNDRY  &  CONSTRUCTION  CO. 

Engineers,  Founders,  Pipe  Fitters  and  Machinists. 

Complete  Erection  of  Piping  a  specialty,  Estimates  Cheerfully  Furnished, 

Office  and  Works,  26th  Street  and  A.  V.  R.  R.  PITTSBURGH,  PA. 


ROBERT  W.  HUNT  &  CO. 

Bureau  of  Inspection,  Tests  and  Consultation. 

NEW  YORK,  CHICAGO,  PITTSBURGH. 

- INSPECTION  OF - 

Rails  and  Fastenings,  Electrical  Equipments.  Cars,  Locomotives, 

Pipes,  Machinery,  Etc. 

Bridges,  Buildings  and  other  Structures. 

Chemical  and  Physical  Laboratories.  Reports  and  Estimates  on  Properties 

and  Processes. 


GULICK- HENDERSON  CO. 

Inspecting  and  Testing  Engineers 
Physical  and  Chemical  Laboratories 
430  Third  Ave.,  Pittsburgh 
Chicago  New  York 


8.  M.  STtP/XKOrp 

Manufacturer  of  High  Class  Pyrometers 
Scientific  Instruments,  etc. 
Laboratories  for  Thermal  tests  and  for  testing 
Recalibrating  and  Repairing 

ELECTRICAL  MEASURING  INSTRUMENTS 
401-431  AMBERSON  AVE.  SHAOYSIOE.  PITTSBURGH 


G.  W.  McCLURE,  SON  &  CO. 

ENGINEERS  AND  CONTRACTORS 

Fire  Brick  Hot  Blast  Stoves 
Blast  Furnace  Construction, 

Open  Hearth  and  Heating  Furnaces 

BESSEMER  BUILDING,  PITTSBURGH, PA. 


Bell  Court  2322 

GEO.  J.  HAGAN 
STOKER  FIRED  FURNACES 
Save  20%  to  75%  cost  of  fuel.  700  in  operation 
Peoples  Bank  Bldg..  Pittsburgh,  Pa. 


When  writing  Advertisers  please  mention  “Proceedings.'’ 


Engineers’  Society  of  Western  Pennsylvania 

INCORPORATED  1880 


OFFICERS  FOR  1912 

President, 

JAMES  O.  HANDY. 

Vice-Presidents, 

S.  P.  GRACE,  S.  A.  TAYLOR. 

Secretary, 

ELMER  K.  HILES. 

Treasurer, 

A.  E.  FROST. 


Directors, 

A.  R.  RAYMER, 

WILLIAM  E.  MOTT, 

SAMUEL  E.  DUFF, 

A.  STUCKI, 

A.  L.  HOERR, 

W.  C.  HAWLEY, 

E.  K.  MORSE, 

WALTHER  RIDDLE. 


} 

} 

} 

} 


Term  expires  January  1913. 
Term  expires  January  1914. 
Term  expires  January  1915. 
Junior  Past  Presidents. 


S.  A.  TAYLOR, 


FRED  CRABTREE, 
W.  E.  SNYDER, 

T.  J.  W1LKERSON, 


STANDING  COMMITTEES. 

Entertainment. 

A.  R.  RAYMER,  Chairman. 

Finance. 

A.  STUCKI,  Chairman. 


House. 

W.  E.  MOTT,  Chairman. 
Publication. 

A.  L.  HOERR,  Chairman. 


W.  C.  HAWLEY. 


J.  H.  FOX, 

P.  S.  WHITMAN 
L.  K.  YODER. 


SPECIAL  COMMITTEE. 

Building. 

GEORGE  S.  DAVISON,  Chairman. 

JOHN  A.  BRASHEAR,  THOMAS  H.  JOHNSON, 

WILLIAM  G.  WILKINS,  EMIL  SWENSSON. 


MECHANICAL  SECTION. 

W.  E.  SNYDER,  Chairman,  G.  H.  NEILSOrc,  Vice  Chairman. 


STRUCTURAL  SECTION. 

T.  J.  WILKERSON,  Chairman,  E.  GODFREY,  Vice  Chairman. 


PROCEEDINGS 

- OF  THE - 

ENGINEERS'  SOCIETY 

OF  WESTERN  PENNSYLVANIA 

INCORPORATED  1880 


Edited  by  the  Secretary  under  the  direction  of  the  Publication  Committee. 
Published  Monthly;  except  August  and  September. 


Reprints  from  this  publication,  which  is  copyrighted,  may  be  made 
by  any  other  publication  on  condition  that  the  full  title  of  paper,  name 
of  author,  page  reference,  and  date  of  presentation  to  the  Society  are 
given.  This  does  not  apply  to  matter  under  Engineering  Data,  repub¬ 
lication  of  which  is  reserved  to  the  Society. 

No  paper  read  before  the  Society  shall  be  published  in  any  maga¬ 
zine  or  journal  before  its  appearance  in  the  Proceedings,  and  no  paper 
previously  published  shall  be  published  in  the  Proceedings  without 
authority  from  the  Publication  Committee. 

All  papers,  on  their  acceptance  by  the  Publication  Committee,  be¬ 
come  the  property  of  the  Society,  and  it  lies  within  the  discretion  of  the 
Committee  to  publish  them  in  whole  or  in  part.  This  will  always  be 
done,  if  possible,  with  the  approval  of  the  author. 

The  Society,  however,  does  not  hold  itself  responsible  for  opinions 
expressed  by  its  members. 

The  Society  will  mail  monthly,  except  August  and  September,  to 
correspondents  and  advertisers,  postage  prepaid,  a  copy  of  the  Pro¬ 
ceedings;  each  one  containing  the  minutes  of,  and  the  papers  read  at 
the  regular  meeting  and  meetings  of  the  Mechanical,  and  Structural 
Sections. 

The  Proceedings  are  for  sale  at  the  following  prices: 

1  to  10  copies,  50c  apiece. 

10  “  50  “  35c  “ 

The  author  of  a  paper  is  entitled  to  25  copies  of  the  number  con¬ 
taining  his  paper.  He  may  also  have  any  additional  number  he  desires 
at  ten  cents  each,  provided  they  are  ordered  before  going  to  press. 

Subscription  price  $5.00  per  annum.  To  colleges  and  public  li¬ 
braries  who  agree  to  bind  and  catalogue,  subscription  price  is  $1.00  per 
annum. 

Back  numbers  that  are  becoming  scarce  are  higher.  Prices  will 
be  quoted  by  the  Secretary. 

Back  volumes  are  for  sale  at  the  following  price:  Volumes  1,  5,  6, 
7,  8,  9,  10,  paper  bound,  $2.00;  cloth  bound,  $2.75. 

Sets  of  Volumes  11,  12,  13,  14,  15,  16  ready  for  binding,  $2.00; 
bound  in  cloth,  $2.75. 

Volumes  17,  18,  19,  20,  21,  22,  23,  24  and  25,  ready  for  binding 
$5.00;  cloth  bound,  $5.75. 

Volumes  2,  3,  4,  cannot  be  furnished. 


ADVERTISING  RATES  ARE  REASONABLE.  WILL  BE  QUOTED  ON  APPLICATION 
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General  Refractories  Company 

General  Offices,  Trinity  Building  Sales  Office,  Oliver  Building 

NEW  YORK  CITY  PITTSBURGH,  PA. 

Manufacturers  of  Highest  Grade  Silica,  Fire  Clay, 
Magnesia  and  Chrome  Brick. 

Producers  of  Highest  Grade  Fire-Clay  Silica,  Mag¬ 
nesia  and  Chrome  Cement. 

Importers  Dead  Burned  Magnesite  and  ChromeOre. 

Blast  Furnace  and  Hot  Blast  Stove  Linings  of 
unequaled  quality  and  workmanship.  Steam 
pressed  or  hand-made. 

Plants,  Pennsylvania  and  Kentucky  Capacity,  300,000  Brick  per  Day 


PITTSBURGH 


Because  of  location,  equipment, 
personnel  and  resources,  this  bank 
is  prepared  to  extend  a  service  bet¬ 
ter  than  the  best  in  handling  your 
personal  or  business  account. 


Fifth  and  Liberty  Aves. 


ASSETS  $7,500,000.00 


Fort  Pitt  Hotel 

Penn  Avenue  and  Tenth  Street 
Pittsburgh,  Pa. 

C.  A.  Blanchard  -  Manager 


When  writing  Advertisers  please  mention  “Proceedings” 


ROLLING  MILL  MACHINERY 
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UNITED  ENGINEERING  &  FOUNDRY 

COMPANY 


Complete  Equipment  for  Iron,  Steel  and  Tube  Works. 


^Largest  Roll  Makers  in  the  World.” 
“Makers  of  the  Largest  Rolls.” 


Steel  Castings  up  to  50  tons. 

Brass  Castings  of  all  descriptions. 

Rolling  Mill  Brasses  a  specialty. 

We  also  design  and  build  heavy  special  machinery. 

FARMERS’  BANK  BUILDING,  PITTSBURGH,  PA.,  U.  S.  A. 


Taylor-Wilson  Manufacturing  Go. 

MANUFACTURERS  OF 

PIPE  MILL  MACHINERY 

Pipe  Threading  and  Cutting  Machines,  Socket  Tappers,  Testing 
Benches,  Cross  Rolls,  Socket  Reamers  and  other  machinery  used 
in  the  manufacture  of  Wrought  Iron  Pipe.  Special  Machinery. 

MACHINE  MOLDED  GEARS 

THOMSON  AVENUE,  telephone  171  victor  McKEES  ROCKS  PA. 


When  writing  Advertisers  please  mention  “Proceedings" 
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MACHINERY 


Westinghouse  Electric  &  Mfg.  Co. 


EVERYTHING  ELECTRIC 


Address  Nearest  District  Office  for  Information. 

Cincinnati  Detroit  Los  Angeles  New  York 

Denver  Kansas  City  New  Orleans  Philadelphia 

Westinghouse  Elec.  &  Mfg.  Co,,  Ltd.,  Dallas  and  El  Paso,  Tex. 
Canada:  Canadian  Westinghouse  Co.  Ltd.,  Hamilton,  Ont. 

Mexice:  Compania  Ingeniera,  Imdortadora  y  Contratista,  S.  A.,  Successors  to 
G.  &  O.  Braniff  Company,  City  of  Mexico 


Atlanta 

Baltimore 

Boston 

Buffalo 

Chicago 


Pittsburgh 
St.  Louis 
Salt  Lake  City 
San  Francisco 
Seattle 


The  Westinghouse  Machine  Co. 

Designers  and  Builders  of  Steam  Engines,  Steam 
Turbines,  Gas  Engines,  Gas  Producers,  Condensers 
and  the  Roney  Mechanical  Stoker. 


For  Particulars  Address  Nearest  Sale  Office: 


New  York,  165  Broadway. 

Boston,  131  State  Street. 
Cleveland,  New  England  Bldg. 
Chicago,  39  South  La  Salle  Street; 
Cincinnati,  Traction  Bldg, 


Atlanta,  Candler  Bldg. 

St.  Louis,  Chemical  Bldg. 
Pittsburgh.  Westinghouse  Bldg. 
Philadelphia,  N.  American  Bldg. 
Denver,  Gas  &  Electric  Bldg. 
San  Francisco,  Hunt,  Mirk  &  Co. 


HALL  STEAM  PUMP  CO. 


PITTSBURGH,  PA. 

Builders  of  Steam  and  Power 

PUMPS  and 
AIR  COMPRESSORS 

Single,  Straight  Line,  Duplex, 
Tandem,  Compound  and  Cross 
Compound. 

Correspondence  Solicited 


CYLINDERS  RE-BORED 

IN  THEIR  PRESENT  POSITIONS 
We  send  Competent  Machinists  with 
portable  tools  to  your  plant— to  Re-Bore 
Cylinders,  Corliss  Valve  Seats,  Fly  Wheels 
—to Re-Bore  Crank=Pin  Holes,  either  straight 
or  taper— to  True  Up  Crank=Pin  Bearings— 
To  Plane  Up  Slide  Valve  Seats. 

Corliss  and  ol  er  Makes  of  Engines  Repaired  Promptly 

WILLIAM  RENTON,  Inc.,  ENGINE  BUILDER 
hone  963  ourt  101-103  Water  St ,  Pittsburgh,  Pa. 


The  Engineers  must  be  reached  by  those  who  desire 


MACHINERY 
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Union  Spring  and  Manufacturing  Company 

Manufacturers  of  Steel  Castings,  Coil  Springs,  Spring 
Plates,  Elliptic  Springs,  Journal  Box  Lids, 

Kensington  Journal  Boxes 

GENERAL  OFFICES,  OLIVER  BUILDING,  PITTSBURGH,  PA. 

50  Church  Street,  New  York.  N.  Y.  700  Fisher  Building.  Chicago,  III. 

Missouri  Trust  Building,  St.  Louis,  Mo. 

American  National  Bank.  Richmond,  Ya. 

WORKS,  NEW  KENSINGTON,  P/  . 


“MORSE”  TOOLS 


Arbors,  Chucks,  Counterbores,  Countersinks,  Cutters, 
Dies,  Drills,  Guages,  Machines,  Mandrels,  Mills,  Reamers, 
Screw  Plates,  Sleeves,  Sockets,  Taps,  Taper  Pins,  Wrenches 


Morse  Twist  Drill  and  Machine  Co., 
NEW  BEDFORD,  MASS.,  U.  S.  A. 


NORTON  GRINDING  WHEELS 

ALUNDUM  CRYSTOLON 

-  EXCLUSIVE  AGENTS  - 

LARGE  STOCK  ALWAYS  ON  HAND 

Somers,  ritlerS  Todd  Go. 

32 7  Water  Street,  PITTSBURGH,  PA. 


N 


Feed  Wafer  Headers  8c  Purifiers,  Steam  and 

Oil  Separators. 

HARRISON  SAFETY  BOILER  WORKS 

3150  N.  17  ™  Shreeh.  ,  Ph  i  lad  el  phi  a  ,  Pa. 


to  enter  the  markets  of  Industrial  Greater  Pittsburgh. 
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MINE  SUPPLIES 


ESTABLISHED  1863 

Phillips  Mine  &  Mill  Supply  Go. 

PITTSBURGH,  PA. 

Works,  South  23d,  24th,  Jane  and  Mary  Sts. 
Office,  2227  Jane  Street 


Screens,  Gar  Dumps, 

Screen  Bars,  Gars, 

Screening  Plants  Gar  Wheels 
Gomplete,  Larry  Wagons, 

liitchings,  Etc. 


LET  US  SUBMIT  PLANS  AND  ESTIMATES. 
MANUFACTURERS  OF 

COAL  and  COKE  WORKS  EQUIPMENT 


- JEFFREY - 

Coal  Mine  Equipments,  Elevating,  Convey¬ 
ing  and  Power  Transmission  Machinery 

WRITE  FOR  CATALOGS 

JEFFREY  MFG.  CO.,  COLUMBUS,  OHIO 


If  You  are  Interested  in 

Ore  dressing  and  the  smelting  and  refining  processes  for  non-ferrous  metals  as  well  as  iron 
or  steel ;  or,  if  you  wish  to  keep  in  touch  with  progress  in  the  scientific  manufacturing 
methods  in  chemical  plants  and  industrial  works  where  engineering  chemistry  is  applied. 

YOU  SHOULD  READ 

METALLURGICAL  &  CHEMICAL  ENGINEERING 

It  is  the  only  Magazine  specialized  upon  the  engineering  features  of  the  above-mentioned  industries 

PUBLISHED  MONTHLY 

Subscription  Price — $2.00  perjAnnum,  Domestic;  $2.50  per  Annum,  Foreign 

Ask  us  for  a  Sample  Copy  now 

METALLURGICAL  AND  CHEMICAL  ENGINEERING 

DENVER  239  We.t  39th  Street,  NEW  YORK  LONDON 


Proceedings  puts  you  in  touch  with  the 


METERS  AND  VALVES 
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PITTSBURGH  METER  COMPANY 

WATER  METERS 

General  Offices  and  Works,  East  Pittsburgh,  Pa. 

NEW  YORK, . 149  Broadway  KANSAS  CITY, . 6  W.  Tenth  St. 

CHICAGO,  337  W.  Madison  St.  COLUMBIA,  S.  C.,  1230  Washington  St 

SAN  FRANCISCO,  149  New  Montgomery  St. 

SEATTLE, . 113  Prefontaine  St. 


Water  Meters 


CROWN.  EMPIRE, 
NASH,  GEM  and 
PREMIER 


Positive  Displacement  and  Velocity 

For  |  inch  to  60  inch  Pipes 

National  Meter  Company 


NEW  YORK  OFFICE 
84  &  86  Chambers  St. 


HOUSE  BUILDING 

PITTSBURGH,  PA, 


WATER 


NIN 


AND 


F"  I  l_T  F?  AT  I O  N 

FOR  BOILER  FEED  AND  ALL  OTHER  USES 

WM.  B.  SCAIFE  &  SONS  CO..  PITTSBURGH.  PA. 


JENKINS  BROS.  PUMP  VALVES 

Made  in  various  compounds — each  the  best  obtain¬ 
able —  for  cold,  warm  or  hot  water,  either  high  or  low 
pressure;  also  for  naphtha,  mild  acids,  ammonia,  or 
very  muddy  and  gritty  water  and  other  destructive 
fluids.  In  fact,  we  supply  guaranteed  valves  for  every 
pumping  requirement. 

Tell  us  your  requirements  and  we’ll  tell  you  the 
right  kind  of  valves  to  use. 

JENKINS  BROS. 

New  York  Boston  Philadelphia  Chicago  London 


FOR  HIGH  PRESSURE  AND  EXACTING  SERVICE  THE 

HOMESTEAD  VALVE 

Is  unequaled.  The  patent  construction  of  this  valve  prevents  leakage  and  insures  ease 
and  speed  of  operation. 

Made  in  Straightway,  Threeway  and  Fourway  patterns  for  high  and  low  pressures. 

Our  booklet  tells  why  it  has  the  above  advantages  and  will  be  sent  on  request. 

HOMESTEAD  VALVE  MFG.  CO. 

Works.  Homestead  P.  O.  Box  1754,  Pittsburgh,  Pa. 


very  people  you  want  to  interest. 
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CEMENT 


When 


the  Isthmian  Canal  Commission 
bought  4,500,000  barrels 
of  Atlas  Portland  Cement 

for  the  construction  of  the  six  enormous  locks  and  Gatun 
Dam  on  the  Panama  Canal,  they  took  into  consideration  the 
QUALITY,  STRENGTH,  UNIFORMITY,  and  PROMPT 
DELIVERY  of  our  product.  About  3,000,000  barrels  have 
been  delivered,  and  while  very  thorough  tests  have  been  made 
at  the  Government  laboratory,  not  one  single  barrel  has  been 
rejected. 

Atlas  has  the  quality  that  is  acceptable,  where  the  highest 
quality  is  required. 

There’s  but  one  other  Portland  Cement  just  as  good,  and 
that’s  Non-Staining 

AT  LAS- WHITE 

Manufactured  by 

THE  ATLAS  Portland  CEMENT  CO. 

30  Broad  St,  NEW  YORK 

Productive  capacity  over  50,000  bbls.  per  day — The’ largest  in  the  world. 


ALPHA 

PORTLAND  CEMENT 

The  Recognized  Standard  American  Brand. 
Only  One  Grade  Manufactured. 

ANNUAL  OUT-PUT  6,500,000  BARRELS 


PITTSBURG  OFFICE, 

OLIVER  BUILDING 


GENERAL  OFFICE, 

EASTON,  PA. 


D.  J.  Kennedy  Company 


LEHIGH  PORTLAND 
VICTORIA  KEENE’S 
CUMBERLAND 
POTOMAC 


SOLE  DISTRIBUTERS 

CEMENT 


ROMAN 

ASBESTIC 

WALL 

PLASTER 


1501  Arrotit  Building  6366  Frankstown  Ave. 


Our  members  are  in  the  market  for  machinery 


SAND 
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TELEPHONES: 

„  -  n~.  )  C.  D.  &  P.  1363  Court  STEAMERS 

'  P.  &-  A.  2292  Main  MARGARET  CHARLOTTE 

Yards  ] C  D*  *  P*  jjg  REBECCA  HARRIET 

RODGERS  SAND  CO. 

Dealers  and  Shippers  of  all  kinds  of 

Sand  and  Gravel 

By  RIVER,  RAIL  or  WAGON 

32 1  Water  Street,  PITTSBURG,  PA. 


IRON  GITY  SAND  GOMPANY 


Dealers  in  RIVER  SAND  AND  GRAVEL 

Office,  Room  709  Fulton  Bldg.,  cor.  Sixth  St.  &  Duquesne  Way,  Pittsburgh,  Pa. 

Bell  Telephone  Grant  2017.  P.  &  A.  Telephone  Main  1598, 


Engineering-Contracting 

tells  how  all  classes  of  work  are  done  so  as  to  save  money  and 
make  money,  and  it  gives  itemized  prices  covering  every  detail 
of  the  construction.  These  are  taken  from  the  private  records 
of  men  having  charge  of  the  work  and  are  reliable  and  valu¬ 
able.  This  is  a 

Methods  and  Cost 

periodical  and  the  only  one  of  its  kind  in  the  world.  It  is  read 
.  regularly  (and  in  nearly  every  case  the  files  are  kept  for  per¬ 
manent  binding)  BY  MORE  PERSONS  INTERESTED  IN 
ENGINEERING  CONSTRUCTION  THAN  READ  ANY 
OTHER  SINGLE  PERIODICAL. 

Price,  $2  for  52  Issues.-  -  Sample  Copies — FREE 

ENGINEERING-CONTRACTING 

355  DEARBORN  STREET,  -  -  -  CHICAGO 


and  engineering  supplies  of  every  description. 
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STRUCTURAL  STEEL 


RITER-GONLEY 

MANUFACTURING  GO. 

PITTSBURGH 

STEEL 

CONSTRUCTION 

Plate  and  Structural  Work  of  Every  Description 

Works:  PITTSBURGH, 

General  Office: 

ALLEGHENY, 

56  WATER  STREET 

LEETSDALE, 

PITTSBURGH. 

■>» 

W.  N.  KRATZER  &  COMPANY,  manufacturers 

Structural  Steel  Work 

Mill  Buildings,  Stee  and  Concrete  Construction 

Beams,  Channels,  Angles,  etc.  in  stock  for  Rush  Orders. 

3212  to  3230  Smallman  Street,  Pittsburgh,  Pa. 


PITTSBURG  GOINSTRUGTIOM  GOMPAINY 

Diamond  Bank  Building,  PITTSBURGH, 

Coal  Tipples,  Trestle  Work,  Grading,  Masonry. 

MILL  BUILDINGS— Constructed  of  Brick,  Wood,  Stone,  Concrete  and 

Steel. 


TURNBUCKLES  CLEVIS  NUTS 


CLEVELAND  CITY  FORGE  AND  IRON  CO., 


PURE  WATER  AND  ITS  RELATION  TO  HEALTH 

By  J.  VV.  ELLMS,  Detroit  Engineering  Society. 

POWER  SYSTEM  OF  PACIFIC  MILLS.  METHODS  AND  RULES  AND 
COST  OF  OPERATION:  WITH  DISCUSSION 

By  FRED  A.  WALLACE,  Boston  Society  of  Civil  Engineers 

POWER  FOR  COBALT  MINES,  COBALT,  ONT. 

By  CECIL  B.  SMITH,  Oregon  Society  of  Engineers. 


JOURNAL  OF  THE  ASSOCIATION  OF  ENGINEERING  SOCIETIES 

30  cents  per  copy.  JANUARY,  1912  $3.00  per  annum. 

FRED.  BROOKS,  Secretary,  31  Milk  Street,  Boston,  Mass. 


Advertising  in  “Proceedings”  costs  less 


SHOP  EQUIPMENT— FIRE  BRICK— REINFORCEMENT 
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- dodge — 

Economists  and  Engineers  in 
the  manufacture  of  everything 
for  the  Mechanical  Trans¬ 
mission  of  Power. 

“ Independence ”  Split  Wood 
Pulleys 

“Standard”  Split  Iron  Pulleys 
Friction  Clutches 

Adjustable  Post  and  Drop  Hangers 
Self  ^Lubricating  Bearings 
Safety  Collars  and  Couplings 
Shafting 

Elevating  and  Conveying  Machinery 
Water  Softeners  and  Purifiers 

“SERVICE  ON  THE  MOMENT” 

General  Offices  and  Works,  Mishawaka,  Indiana 

Pittsburgh  Branch,  351  Second  Avenue 

Philadelphia  Branch,  815  Arch  Street 


STANDARD  CHAIN  COMPANY 

PITTSBURGH,  PA. 

CHAINS  OF  HIGHEST  QUALITY  MADE  FROM  IRON  ROLLED  TO 
SPECIFICATION  IN  OUR  OWN  MILLS 


“TUB  FUSE  YOU  WIEE  USE”  Reissue  Patent  13312 

DAUM’S  REFILLABLE  CARTRIDGE  FUSE  SHELLS 

N.  E.  C.  S:  FOR  ELECTRIC  LIGHT  AND  POWER  CIRCUITS 

Adopted  as  Standards  by  some  of  the  largest  Corporations  in  the  United  States  and  Canada 
Saves  Money,  Time  and  Trouble.  Easy  to  REFILL  with  Fuse  Wire  as  often  as  they  blow  out.  LAST 
FOR  YEARS.  Engineers  send  for  free  sample.  Trial  orders  on  30  days  approval  to  responsible 

parties.  Write  TO-DAY.  f\.  F  DftUM  CO:,  P I  T  l  SI5U  R  t»  M .  PfK  . 


Steel  Sheet 
Piling 

Six  points  of  superiority 
over  any  other  make 

Requires  less  bracing. 

Has  great  lateral  strength. 

Is  practically  watertight. 
Drives  freely  and  as  one  piece. 
Keeps  easily  in  alignment. 
Has  the  maximum  salvage 
value,  as  after  repeated  use 
as  piling  the  I  beams  (12"  and 
15")  may  be  drawn  and  used 
for  bridges,  buildings,  etc. 

Illustrated  booklet  gives 
details  in  full. 

Jones  &  Laughlin  Steel  Go. 

American  Iron  &  Steel  Works 

PITTSBURGH 


than  printed  matter  mailed  direct. 
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ENGINEERING  AND  DRAFTING  INSTRUMENTS 


B.  K.  Elliott  Company 

TRANSITS  and  LEVELS 

of  all  best  known  makes. 

Repairing  of  old  instruments. 

DRAWING  MATERIALS 

of  every  description. 

We  are  the  Largest  Manufacturers 
between  New  York  and  Chicago. 

108  Sixth  St,  PITTSBURGH,  PA. 


PITTSBURGH  INSTRUMENT  &  MACHINE  CO. 

236  THIRD  AVE.,  PITTSBURGH,  PA. 

Manufacturers  of 

TRANSITS  AND  LEVELS 
We  repair  Field,  Mine  and  Drafting  Room  Instruments 

Best  Equipped  Shop  in  Western  Penna. 


STIEREN,  Optician 

ENGINEERS’  SUPPUES  AND  DRAWING  INSTRUMENTS 
Eyes  Scientifically  Examined  Glasses  Accurately  Ground 

Frames  Carefully  Fitted 
623  LIBERTY  AVENUE 


KURTZ,  UANGBEIN  dc  SWARTZ 

535  WOOD  STREET  AT  SIXTH  AVENUE 
AGENT  FOR  KEUFFEL,  &  ESSER  GO.’S  DRAWING  MATERIALS 

Newer  and  better  ideas  than  any  other  house.  Catalogue  for  the  asking. 


Our  advertising  columns  have  a  unique  and  distinctive 


UNIVERSITIES  AND  SCHOOLS 
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SCHOOL  OF  MINES,  UNIVERSITY  OF  PITTSBURGH 

M.  E.  Wadsworth,  A.  M.,  PH.  D.,  Dean. 

New  building,  new  laboratories,  and  equipment.  Located  In  a  great  Mining 
and  Metallurgical  center.  Courses  In  Ceramlsc,  Cements.  Concretes,  Geology, 
Metallurgy,  Assaying,  Mineralogy,  Mining,  Surveying,  Engineering.  Mining  Geo¬ 
logy,  Economics  and  Law,  Ore  Dressing,  Coal  Washing.  Paleonotology, 
Petrography,  etc.  For  Bulletin,  Address 

S.  B.  LINHART,  Secretary  of  the  University,  Grant  Boulevard,  Pittsburgh. 


NORWICH  UNIVERSITY 

THE  MILITARY  COLLEGE  OF 
VERMONT. 

Civil  and  Electrical  Engineering 

NORTHF1ELD,  VT. 


Rensselaer  Polytechnic  Institute 

V,  SCHOOL  of  \\ 
'•♦X  ENGINEERING 

Civil,  Mechanical,  Electrical 

Send  for  a  Catalogue.  TROY,  N.Y. 


AND  WOOD 


ARROTT;POWER-BLO 


value  for  subjects  of  an  engineering  nature. 
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STEEL — ENGINEERS 


VANADIUM 

The  Steel  of  Ultimate  Quality 

Elasticity  Toughness  Strength  Endurance 

Vanadium  Steel  is  the  cheapest  steel  because  it  is  the  strongest, 
toughest  and  most  durable.  It  should  be  specified  for  all  vital 
parts  of  engines  and  machinery,  as  its  use  means  greatly  length¬ 
ened  service  and  freedom  from  repair  expense. 

Booklets  and  expert  advice  on  application 

American  Vanadium  Company 

340  Frick  Building  Pittsburgh,  Pa. 

Manufacturers  of  Ferro  Vanadium 
Immediate  Shipment  Any  Qnantity 

LONDON  PARIS  PITTSBURGH 


Dravo  -  Doyle  Company 

Merchant  Engineers 

Pittsburgh  Cleveland  Philadelphia  Chicago 


When  writing  Advertisers  please  mention  “Proceedings.” 


Proceedings  of 


The  Engineers’  Society 

of 

Western  Pennsylvania 


February,  1912 


Protective  Coatings 


Historic  Notes  on  Metallic  Beams  and  Girders ....  R.  B.  Woodworth 

Minutes  of  Meetings 

Employment  Bulletin 

Advertising  Index 

Classified  Advertising  Index 

f  ’  V  *-  ...  -  S  '  ‘ 


Pittsburgh 


Published  by  the  Society,  2511  Oliver  Building,  Pittsburgh 
Monthly  except  August  and  September 


Fifty  cents  a  number 


Five  dollars  a  year 


Copyrighted  1912  by  The  Engineers  Society  of  Western  Pennsylvania 
Entered  as  second  class  matter  at  the  Pittsburgh  Post  Office 
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MESTA 

HIGH  SPEED  BLOWING 

ENGINES 

The  special  features  of  the  “Mesta 
High  Speed  Blowing  Engines’’  are 
the  patented  Air  Valves  which  per¬ 
mit  the  engine  to  be  run  constantly 
and  economically  at  80  revolutions 
per  minute. 

Six  of  these  engines  are  in  success¬ 
ful  operation  in  well  known  Blast 
Furnace  plants  at  the  present  time. 

Air  and  Steam  Cylinders  84  in.  Diameter;  Stroke 
60  in.,  Weight  500,000  lbs. 


MESTA  MACHINE  COMPANY 


PITTSBURGH,  PA.,  U.  S.  A. 


MACKINTOSH,  HEMPHILL  &  COMPANY 

FORT  PITT  FOUNDRY 


Twelfth  and 
Etna  Streets, 

Pittsburgh,  Pa. 

Manufacturers  of— 

Rolling  Mills, 

Hydraulic  or 
Geared  Shears, 
Presses, 

Punches,  Riveters. 

CORLISS,  REVERS¬ 
ING  and  BLOWING 

ENGINES 

IroD,  Steel  and  Brass 
Castings. 


Miscellaneous  lron  an(j  Steel  Works  Machinery 
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Regularity  in  the  setting  properties  of  Portland 
Cement  insures  the  user  freedom  from  the  many 
perplexities  which  mark  the  use  of  uncertain  and 
questionable  brands.  Universal’s  record  of  eleven 
years  of  satisfactory  use  in  every  form  of  concrete 
construction  in  strikingly  increasing  quantities  is 
significant  evidence  of  its  uniform  high  quality. 

Universal  Portland  Cement  Co. 

Chicago  -  Pittsburg 

Annual  Output  12,000,000  Barrels 
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